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(57) Abstract 

A method and apparatus for encoding (622) digi- 
j tal image data wherein a region of interest (606) can be 
specified either before the encoding process has begun 
or during the encoding process, such that the priority 
(616) of the encoder outputs are modified so as to place 
more emphasis on the region of interest, therefore in- 
creasing the speed and/or increasing the fidelity of the 
i reconstructed region of interest. The system, therefore, 
enables more effective reconstruction of digital images 
I over communication lines. 
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TITLE OF THE INVENTION: 

Method and Apparatus for Compressing and Decompressing Images 

BACKGROUND OF THE INVENTION : 
5 Field of the Invention: 

Modern computers and modern computer networks enable the 
transfer of a significant amount of information between computers and 
between a computer and a storage device. When computers access local 
storage devices, such as a local hard drive or local floppy drive, significant 
10 amounts of information can be quickly accessed. However, when seeking 
to access data from a remote storage location such as over a wide area 
network (WAN), the internet, or a wireless communication channel (cellular 
phone network, etc), data transfer rates are significantly slower. 
Transferring large files, therefore, takes significant amounts of time. 
15 Additionally, storage of large files utilizes valuable and limited storage 
space. Photographic images and similar graphical images typically are 
considered to be large files, since an image conventionally requires 
information on each picture element or pixel in the image. Photographs 
and similar graphical images, therefore, typically require over one 
20 megabyte of storage space, and therefore require significant transmission 
times over slow network communications. In recent years, therefore, 
numerous protocols and standards have been developed for compressing 
photographic images to reduce the amount of storage space required to 
store photographic images, and to reduce transfer and rendering times. 
25 The compression methods essentially create mathematical or statistical 
approximations of the original image. 

Compression methods can broadly be categorized into two separate 
categories. Lossy compression methods are methods wherein there is a 
certain amount of loss of fidelity of the image; in other words, close 
30 inspection of the reproduced image would show a loss of fidelity of the 
image. Lossless compression methods are ones where the original image 
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is reproduced exactly after decoding. The present invention is directed to 
an efficient image compression method and apparatus wherein a part, or 
parts, of an image can be compressed with a higher level of fidelity in the 
reproduced image than other parts of the image, based on a selection of 
region-of-interests by the user or the system which is initially encoding or 
compressing the image, or the user or the system which receives and 
decodes the image data through interaction with the encoding side. 
Description of the Related Art: 

A currently popular standard for compressing images is called the 
JPEG or "J-peg" standard. This standard was developed by a committee 
called The Joint Photographic Experts Group, and is popularly used to 
compress still images for storage or network transmission. Recent papers 
by Said and Pearlman discuss new image coding and decoding methods 
based upon set partitioning in hierarchical trees (SPIHT). See Said and 
Pearlman, Image Codec Based on Set Partitioning in Hierarchical Trees, 
IEEE Transactions on Circuits and Systems for Video Technology, vol. 6, 
no. 3, June 1996, and Said and Pearlman, Image Multi-Resolution 
Representation, IEEE Transactions on Image Processing, vol. 5, no. 9, 
September 1996. The contents of these papers are hereby incorporated 
by reference. These references disclose computer software which, when 
loaded and running on a general purpose computer, performs a method 
and creates an apparatus which utilizes integer wavelet transforms which 
provide lossy compression by bit accuracy and lossless compression within 
a same embedded bit stream, or an apparatus which utilizes non-integer 
25 wavelet transforms which provide lossy compression by bit accuracy within 
a single embedded bit stream. An image which is initially stored as a two 
dimensional array representing a plurality of individual pixels prioritizes bits 
according to a transform coefficient for progressive image transmission. 
The most important information is selected by determining significant or 
30 insignificant elements with respect to a given threshold utilizing subset 
partitioning. The progressive transmission scheme disclosed by Said and 
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Pearlman selects the most important information to be transmitted first 
based upon the magnitude of each transform coefficient; if the transform is 
unitary, the larger the magnitude, the more information the coefficient 
conveys in the mean squared error (MSE, sense; 

D„ (P - P) - XB-^Ji = £ E <Pu " Pu) 2 
where (i,j) is the pixel coordinate, with p, therefore representing a pixel 
value Two dimensional array c is coded according to c - CI (p). wrth Of) 
being used to represent a unitary hierarchical subband transformafon. 
Said and Pearlman make the assumption that each pixel coordinate and 
value is represented according to a fixed-point binary format wrth a 
relatively small number of bits which enables the element to be treated as 
an integer for the purposes of coding. The reconstructed image p is 
performed by setting a reconstruction vector . to 0, and calculating the 
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image as: 

p = Q-'(c> 

N is the number of image pixels, and the above calculation for mean 
squared-error distortion can therefore be made. Using mathematical 
assumptions, it is known mat the mean squared-error distortion measure 
decreases by , c. , l*/N. This fact enables pixel values to be ranked 
according to their binary representation, wrth the most significant brts 
(MSBs) being transmitted first, and also enables pixel coefficients wrth 
iarger magnitude to be transmitted first because of a lamer content of 
information. An algorithm is utilized by the encoder to send a value 
representing the maximum pixel value for a particular pixel cooro,nate, 
sorting pixel coordinates by wavelet transform coefficient values, then 
outputting a most significant bit of the various coefficients, using a number 
of sorting passes and refinement passes, to provide high qualrty 
reconstructed images utilizing a small fraction of the transmitted pixel 
coordinates. A user can set a desired rale or distortion by setting the 
number of bits to be spent in sorting passes and refinement passes. 
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§j IMMARY OF THE INVENTION: 

The invention is a method and apparatus for encoding images for 
transmission or storage where a region of interest (ROI) or certain regions 
of the image are to be emphasized and for decoding the encoded image 
5 after transmission or retrieval from storage. The encoding method includes 
selecting a region or regions of interest in digital image data, and 
specifying a priority to each region. A wavelet transform of the pixel values 
of the entire image is performed in order to obtain the transform 
coefficients of the wavelet, and the transform coefficients corresponding to 
10 each region of interest are identified. The transform coefficients for each 
region of interest are emphasized by scaling up these transform 
coefficients in such a way that more bits are allocated to these transform 
coefficients or encoding ordering of these coefficients are advanced. After 
the scaling up the transform coefficients for each region of interest, 
15 quantization is performed on the transform coefficients for the entire image 
in order to obtain the quantization indices. In the alternative, the 
quantization indices of the quantized transform coefficients corresponding 
to each region of interest are scaled up according to the priority assigned 
to each region of interest. After the quantization for the entire image, 
20 scaling up is performed for each region of interest. The quantization 
indices of the transform coefficients are entropy encoded based upon the 
encoding strategy such as encoding ordering or bit allocation determined 
by the scaling up for each region of interest in order to form a data bit 
stream. A bit stream header is formed, and the data bit stream is 
appended to the bit stream header. The entropy coding is performed on 
each bit field of the binary representation of the quantization indices of the 
transform coefficients. Either bit plane coding is used, such as a binary 
arithmetic coding technique, or a zero-tree coding technique, such as 
SPIHT coding, is used. The decoding method includes separating the bit 
stream header from the data bit stream, decoding the description such as 
coordinates of the region or regions of interest, priority to each region, size 
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of the image, and the number of wavelet decomposition levels from the bit 
stream header. The wavelet transform coefficients corresponding to a 
region or regions of interest specified by the description of the region or the 
regions of interest are identified, and the data stream is entropy decoded 
by following the decoding ordering determined by the identified result of the 
transform coefficients corresponding to each region of interest and the 
priority assigned to each region of interest. This forms a set of subbands 
containing the quantization indices of the transform coefficients. Either the 
de-quantized transform coefficients or the quantization indices of the 
transform coefficients corresponding to each region of interest are scaled 
down. If scaling up and quantization are performed in this order at the 
encoder, de-quantization of the transform coefficients for the entire image 
and scaling down the quantized transform coefficients for each reg.on of 
interest is performed in this order; if quantization and scaling up are 
performed in this order at the encoder, scaling down the quantizat.cn 
indices for each region of interest and de-quantization of the quantizafion 
indices for the entire image is performed in this order. In either case, de- 
quantization is performed on the quantization indices in order to obta.n the 
quantized transform coefficients. The inverse wavelet transform .s 
performed on the de-quantized transform coefficients in order to form the 
pixel values on the entire image. The digital image in this invention can be 
not only two dimensional digital data but also one dimensional d,g.tal data 
such as voice data, electrocardiogram data, seismic wave data. When the 
data is one dimensional, steps and means based on wavelet transform, 
subband, RO. coefficient identification or inverse wavelet transform wh.ch 
are applied along each dimension of the two dimensional data are applied 
only along the single dimension of the data. 
nPIFF PF^ppTinN OF THF DRAWINGS; 

For a clear understanding of the embodiments of the invent.on, 
reference should be made to the accompanying drawings, wherein: 
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Fig. 1 illustrates a method for compressing an image with an 
emphasis on a selected region of interest in an image by allocating more 
bits to the region of interest; 

Fig. 2 illustrates a method of decompressing an image which is 
5 encoded with an emphasis on a selected ROI; 

Figs. 3A-3F illustrate a method of ROI coefficient scaling; 
Figs. 4A and 4B illustrate an ROI coefficient scaling method wherein 
multiple regions of interest are to be emphasized with different priorities; 

Figs. 5A-5C illustrate an ROI coefficient scaling method that uses 
10 some of the bit elements in the quantization indices for a ROI in order to 

emphasize the ROI; 

Figs. 6A-6C illustrate an ROI coefficient scaling method where 
multiple regions of interest are emphasized from different stages of 
encoding with different priority is disclosed; 

Figs. 7A-7D illustrate entropy coding of the quantization indices with 
a bit plane based coder under the encoding strategy determined by the 

ROI coefficient scaling. 

Figs. 8A-8C illustrate the case where bit plane coding is performed 
in each subband where ROI coefficient scaling is used only on the bit fields 
20 at some bit significance levels; 

Fig. 9 illustrates an identification process performed only on the 
pixels on the boundaries of the region of interest and on the pixels which 
locate one pixel inside the boundaries of the region of interest; 

Figs. 10A and 10B illustrate a wavelet transform accomplished by a 
25 low pass filter whose filter coefficients are g A (k) and a high pass filter 
whose fitter coefficients are f A (k) and a down sampler which discards every 
other pixel or transform coefficient; 

Fig. 11 illustrates an encoding method for representing the input 
image with a set of subbands consisting of the transform coefficients; 
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Fig. 12 illustrates a method of decompressing an image which is 
encoded by the encoding method of Fig. 11 with an emphasis on a 

selected region of interest; 

Fig. 13 illustrates ROI coding when encoding and decoding are 

done on a block by block basis; 

Fig. 14 is a flow chart of another method of encoding data in 

accordance with the present invention; 

Fig. 15 illustrates an approach whereby a total number of bits to be 
used to encode the digital data representing the image is determined; 

Fig. 16 shows a block diagram of an embodiment of an encoding 

device of the present invention; 

Fig. 17 depicts a block diagram of an embodiment of a decod.ng 

device of the present invention; and 

Fig 18 depicts an embodiment wherein the device includes a 
transmitting side that encodes the image and transmits the encoded data 
to a receiving side which receives and displays the image. 

„ rp pfq^o.dtiom OF T HF ««=i™EP FMBODIMENTSi 

The present invention is directed to a method and apparatus of 
performing image compression wherein a region of interest specified by the 
user is emphasized so that it is encoded wrth higher fidelity than the rest of 
the image. The emphasis can occur either during the beginning or from the 
nMddleofthe encoding process. ,f it occurs during the middle of encod.ng, 
the emphasis can be driven by the use at the receiving side which recedes 
portions of the encoded bit stream while the encoding is underway. The 
emphasis to the region of interest is done in the transform coefficen 
domain in order not to cause artificial boundaries around the reg.on of 
interest on the reconstructed image. In an embodiment where the 
emphasis is dene on the transform coefficients after the quantization, 
information ordering of the quantization indices corresponding to the region 
of interest is modified so that the region of interest can be reconstructed at 
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the earlier stages of progressive reconstruction; therefore, the region of 
interest is reconstructed with a higher fidelity at the low bit rate. Since the 
emphasis on the region of interest merely modifies the ordering with which 
the bit fields of the quantization indices are encoded, the emphasis does 
not cause any information loss. Also the modification of the information 
ordering is applicable not only by each coefficient level but also by each bit 
field level of the coefficient, which not only improves the quality of the 
specific parts of the image but also flexibly modifies the encoding ordering 
with which each part of the image is reconstructed. Another embodiment 
of this invention is to emphasize the transform coefficients before 
quantization. This embodiment does not provide such a flexible 
functionality as the other mode, but makes it possible to reconstruct the 
region of interest with higher fidelity than the rest of the image at any bit 
rate at a minimal increase of computational complexity. 

Fig. 1 illustrates a method for compressing an image with an 
emphasis on a selected region of interest in an image by allocating more 
bits to the region of interest or encoding the region of interest at the earlier 
stages of the encoding process than to the regions outside of the region of 
interest. Encoding method 100 comprises step 101 for performing a 
wavelet transform on the pixel values of the input digital image in order to 
represent the input image by a set of subbands consisting of the transform 
coefficients. Step 101 is followed by bit allocation step 102 and a 
quantization step 103. At step 102, a bit per coefficient (i.e., representation 
accuracy of the coefficient) is assigned to the transform coefficients in each 
25 subband in order to represent the transform coefficients with digitized 
values is determined in such a way that the subband which has higher 
variance or higher energy of the transform coefficients will be allocated a 
larger number of bits per coefficient, which is equivalent to being allocated 
a smaller quantization step size. However, in the case where the bit per 
30 coefficient for each subband or for all the subbands is predetermined, step 
102 is not performed. The allocated bits per coefficient are used in step 
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103. At step 103, quantization is performed on the transform coefficients in 
each subband in order to represent the transform coefficients of each 
subband with quantization indices whose representation accuracy is 
specified by the allocated bits per coefficient or by the quantization step 
5 size for each subband. Through step 103, quantization indices 

representing transform coefficients with a reduced or the same 

representation accuracy of the transform coefficient values is obtained. 

The obtained quantization indices are input to ROI coefficient scaling step 

107. 

10 Before, after, or together with steps 101, 102 and 103, region of 

interest selection step 104, ROI coefficient identification step 105, and ROI 
coordinate description step 106 are performed. At step 104, the region of 
interest is selected on the input image and the coordinates of the selected 
region of interest are input to steps 105 and 106. At step 105, wavelet 
15 transform coefficients corresponding to the selected region of interest,, i.e., 
ROI coefficients, in each subband are identified in order to emphasize the 
selected region of interest in the image by emphasizing the ROI 
coefficients in each subband containing the wavelet transform coefficients. 
The identification result of the ROI coefficients (i.e., categories of the 
20 coefficients), which depicts whether the transform coefficients correspond 
to each region of interest or regions outside of the region of interest, is 
input to step 107. At ROI coordinate description step 106, coordinates of 
the selected region of interest are encoded in order to effectively transmit 
or store the ROI coordinate information, from which decoder can tell what 
25 region of interest is selected to be emphasized in the reconstructed image. 
The ROI description information is added to the header bits in the bit 

stream in transmission step 109. 

At ROI coefficient scaling step 107, among the quantization indices 
input from 103, only the quantization indices for the transform coefficients 
30 corresponding to the region of interest are emphasized in such a way that 
the quantization indices for the ROI coefficients are scaled up by a left bit 
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shift value (S) specified by a priority assigned to the region of interest so 
that the indices for the ROI coefficients are to be encoded as if the indices 
had larger values than their actual values. Therefore, they are encoded 
with a larger number of bits at a given bit rate or encoded at the earlier 
5 stages of the encoding process, at the following step 108 entropy 
encoding. The quantization indices, some of which are scaled up, are 
input to step 108 together with the category of the coefficients, the 
identification result of ROI coefficients, formed at step 105 and the priority 
(the left bit shift value, S) used for the scaling up. 
10 At ste p 109 entropy coding, an entropy coding is performed on each 

bit element of the binary representation of the quantization indices in order 
to form an encoded data stream within which encoded bits generated from 
the bit fields at the higher bit significance level of the quantization indices 
are placed in the earlier portion of the bit stream than other encoding bits 
15 generated from the bit fields at the lower bit significance level. In other 
words, an entropy coding is performed on each bit field of the binary 
representation of the quantization indices in such an order that the bit field 
at the highest bit significance level (Most Significant Bit) is encoded first 
and bit fields at the decreasing order of bit significance levels are encoded 
20 in a decreasing order of bit significance levels. The entropy coding step 
can be terminated or suspended at any bit rate: when the bit budget for the 
encoded bit stream is used up, when the receiving side or storing side of 
the encoded bit stream does not need any further bits, when user or a 
system at the encoding side wants to terminate or suspend the step or 
25 when user or a system at the receiving side wants to terminate or suspend 
the step. 

The encoder avoids encoding bit fields of the bottom S least bit 
significance levels in the quantization indices for the ROI coefficients, 
because these bit fields, which do not exist before the scaling up of the 
30 ROI coefficients by S left bit shift, do not convey any information. 
Alternatively, in order to reduce the computational cost to avoid encoding 
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these bottom S bit fields, these fields whose values are uniformly filled with 
0 may be encoded together with the bottom S bit fields of the quantization 
indices for the regions out of the region of interest at the expense of 
increasing encoded bit rate. Top S bit fields of the quantization indices for 
the ROI coefficients are exclusively encoded without encoding any b.t 
fields of the quantization indices for the regions outside of the region of 
interest in the same subband. Alternatively, in order to reduce 
computational cost to selectively encode the top S bit fields for the region 
of interest, these bit fields may be encoded together with the bit fields for 
the regions outside of the region of interest whose values are filled 
uniformly with 0 at the expense of increasing encoded bit rate. 

The preferable encoding technique in step 108 is either a bit plane 
coding such as a binary arithmetic coding technique or a zero tree coding 
such as the SPIHT coding technique. With a bit plane coding techn.que, ail 
the bit fields at a certain bit significance level in each subband are encoded 
at the same encoding stage. After these bit fields are encoded, other brt 
fields in another bit significance level are encoded. In many cases, brt 
fields of the higher bit significance levels are encoded earlier than the brt 
fields of the lower bit significance levels in the same subband. In such 
cases, encoding results of the bit fields in the higher bit significance levels 
may be used for encoding the bit fields in the lower bit significance levels. 
With a zero tree coding technique, bit fields at the higher bit significance 
level in each quantization index are always encoded earlier than the brt 
fields at the lower bit significance level in each quantization index, but 
some of the bit fields at the lower bit significance level in the same 
quantization indices are encoded earlier than the brt fields at the higher brt 
significance level in other quantization indices. Encoded data formed at 
step 108 is sent to transmission step 109 where data bits and header b.ts 
are appended into a bit stream to be transmitted or stored. 

In a subband where the allocated bits per coefficient is smaller than 
the representation accuracy of the transform coefficients, each transform 
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coefficient is represented by a quantization index whose representation 
accuracy is smaller than the accuracy with which the value of the 
quantized transform coefficients are represented. In a subband where the 
allocated bits per coefficient is the same as the representation accuracy of 
5 the value of the transform coefficients, each transform coefficient may not 
be quantized and each coefficient value itself may be regarded as a 
quantization index to be given to ROI coefficient scaling step 107. This 
invention goes with any kind of quantization schemes where the larger 
transform coefficient is to be represented with the larger quantization 
10 index. Preferred quantization in this invention is either a scalar quantization 
or a trellis coded quantization. With a scalar quantization, transform 
coefficients are quantized into indices based on the magnitudes of the 
coefficients with respect to a set of threshold values. With a trellis coded 
quantization, transform coefficients are quantized into indices not only 
1 5 based on the magnitude of themselves but also the states of the quantizer. 

In Figs. 3A-3F, ROI coefficient scaling step 107 is illustrated. ROI 
coefficient scaling is performed on the quantization indices of the transform 
coefficients either in each subband, in all the subbands or in several 
groups of subbands at a time. In a situation where the scaling is 
20 performed in each subband, each subband can be assigned a different 
priority including no priority (left bit shift value, S) to the quantization 
indices for the region of interest. In a situation where a selected region of 
interest needs to be emphasized in an image reconstructed only from 
some of the subbands, the ROI coefficient scaling needs to be performed 
only in the selected subbands (e.g., when a lower spatial resolution version 
of the image is reconstructed, ROI coefficients in the subbands which are 
not necessary for reconstructing the target spatial resolution are not scaled 
up). Hereafter, ROI coefficient scaling in each subband is disclosed, which 
can be generalized to be an ROI coefficient scaling to be performed in all 
the subbands or in several groups of subbands at a time, e.g., by assigning 
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the same priority value to the quantization indices for the region of interest 
in all the subbands or in several groups of subbands. 

To illustrate this concept, let us denote transform coefficients in one 
subband (subband[k]) as Y© where j (0<= j < J) represents a coordinate of 

5 the transform coefficients and corresponding quantization indices in the 
subbandlk], quantization index of the Y© as Z©, allocated bits per 
coefficient at the step 102 as N, bit fields of the binary representation of the 

quantization index Z© are b^©, b N _ 2 © and b 0 Q), (b k ©, 0<-k<N, .s 

either 0 or 1; b^© is the bit field in the highest bit significance level of the 

1 0 Z©). Binary representation of the quantization index Z© is the following: 

Z© = 2 N1 x b^O) + 2 N " 2 x b N . 2 0) + + 2 1 x b,© + 2° x b 0 ©. 

(Before the ROI coefficient scaling is performed, b n © represents a bit value 

in the bit significance of 2 n .) 

When the transform coefficients identified as corresponding to the 
15 region of interest (i.e., ROI coefficients), Y© where j=js, js-M, ... and je, 

quantization indices Z© where i=js and je are the ROI coefficients in 

the subbandlk], which are to be scaled up in step 107. When a priority 
assigned to the selected region of interest is a left bit shift value, S. 
quantization indices Z(js),-, and Z(je) are scaled up to be Z(js) and 

ZQs) = 2* x ZGs) = 2— x btMfr) * + 2- x b l( js) «■ 2 s x b 0 (js), 

ZsOs + D = 23 x Z(is + 1) = 2— x b, l(i s + 1) ♦ * 2- x b l( js + 1) + 2* x 

boOs+1), 

ZsGe) =2*xZ(ie)=2--ixb N ,Ce) + + 2- x b l0 e) + 2«xb o(i e). 

As a result of the scaling by left bit shift of S, a1) magnitude of the 
corresponding indices has become 2S times bigger. In other words, a2) bit 
significance level (sjevel) of each bit field has become bigger by S 
(sJevel=N-1 -> s_level=N + S-1 . s_level=N-2 -> sJevel=N + S-2,..., 
sJeV el=0 -> s_level=S). If each bit field is encoded in the order of 
d'ecreasing order of bit significance level, each top S bit field of the scaled 
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up indices are to be encoded earlier than any other bit fields in the same 
subband. In other words, larger number of bit fields in the scaled up indices 
are to be encoded at the earlier stages of the encoding process. a3) In a 
situation where bit plane coding is used, encoding is done on each bit 
5 plane consisting of the bit fields of the same bit significance level. In each 
subband, each bit plane is encoded preferably in the decreasing order of 
bit significance level or any other order. Encoding ordering of each bit 
plane across subbands can be arbitrarily specified by following the 
encoding ordering within each subband. The following is an example of 
10 encoding ordering of each bit plane in the same subband: 
No 0. plane {b^Gs), b N _ 1 (js+1),...,b N . 1 Ge)}, 
No 1 . plane {b N . 2 Gs), b N . 2 Gs+1),...,b N . 2 Ge)}, 



15 



No S-1. plane {b N . s Gs). b N . s Gs+1), . ,b N . s Ge)}, 

No S. plane {b N . 1 (O),...,b N . 1 0s-1), b^fls) b^fle), b IM (je+1),...,b IM (J- 

1)>. 

No S+1. plane {b N _ 2 (0) b N _ 2 Gs-1), b N ^. 2 Gs) b N . S - 2 Ge). b N . 2 Ge+1),-..,b N . 2 (J- 

1)}, 

20 No N-1. plane {b s (0),...,b s Gs-1), b 0 Gs) b 0 Ge), b s Ge+1) b s (J-1)}, 

No N. plane {b^(0) b^Gs-1), b s . 1 (je+1),...,b &n (J-1)}, 

No N+S-1 . plane {b 0 (0) b 0 Gs-1), b 0 Ge+1) b 0 (J-1)}. 

The maximum left bit shift value, S max , is determined by the bit per 

25 coefficient assigned to the subband, by the maximum bit per coefficient 
among the ones assigned to all the subbands, by the maximum level of the 
significant bit in the subband, or by the maximum level of the significant bit 
in all the subbands. If a left bit shift value bigger than is specified, it 
can be adjusted to S max . In this case, the left bit shift value, S, is always in 

30 the following range: 0<=S<=S max (S max = N, 0: no priority to the region of 
interest). Even if S max is not upper-bounded, the invention works at a small 
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increase of the encoded bit rate or a small increase of computational cost. 

If the maximum left bit shift or the value larger than the maximum 
left bit shift is chosen, all the bit fields of the quantization indices 
corresponding to the region of interest are to have a different bit 
significance level from all the bit fields of the quantization ind.ces 
corresponding to the regions outside of the region of interest in the same 
subband. Thus, all the bit fields for the region of interest and all the bit 
fields for the regions outside of the region of interest are to be encoded 
separately. In other words, the quantization indices for the region of 
interest and the quantization indices for the regions outside of the region of 
interest are to be separately encoded at the entropy coder. 

If the left bit shift value is less than the maximum value and larger 
than 0 the top S bit fields of the quantization indices corresponding to the 
region of interest are to be encoded separately from any bit fields of the 
quantization indices for the regions outside of the region of interest in the 
same subband, the rest of the N-S bit fields of the quantization ind,ces 
corresponding to the region of interest are to be encoded at the same 
encoding stage with the top N-S bit fields of the rest of the indices in the 
same subband. and the rest of the S bit fields in the indices wh.ch 
20 conespond to the regions outside of the region of interest are to be 
encoded separately from any bit fields for the region of interest. In other 
words the quantization indices for the region of interest and the 
quantization indices for the regions outside of the region of interest are 
partially separated to be encoded at the entropy coder, when the left b,t 
25 shift is less than the maximum value and larger than 0. 

Preferable methods of ROI coefficient scaling are e1) scaling up the 
value of the quantization indices corresponding to the region of interest, 
e2) scaling up the bit significance levels of the bit fields associated with the 
region of interest e3) reassigning encoding ordering. e1), e2) and e3) are 
corresponding to the previously discussed a1). a2) and a3), respectively. 
Either the result of the ROI coefficient scaling up with e1), e2) or e3) at the 
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step 107 is used together with the priority to the selected region of interest 
and identification result of the coefficients corresponding to the region of 
interest at the step 108 in order to manage the entropy coding to be 
performed at the step 108 entropy coding. 
5 In Figs. 4A and 4B, ROI coefficients where multiple regions of 

interest are to be emphasized with different priorities are illustrated. When 
each selected region is emphasized with the same level of emphasis, 
quantization indices corresponding to every region of interest are to be 
scaled up with the same left bit shift value. In this case, the same ROI 
10 coefficient scaling is performed on the quantization indices corresponding 
to any regions of interest by the same way as illustrated in Figs. 3A-3F. 
When each selected region is emphasized with its own priority, scaling up 
illustrated in Figs. 3A-3F needs to be performed for each region of interest. 
In this case, transform coefficients corresponding to each region of interest 
15 selected at region selector step 104 have to be identified and categorized 
into a separate category in ROI coefficient identification step 105. In this 
categorization, transform coefficients corresponding to several regions of 
interest are looked upon the coefficients corresponding to a region of 
interest which is assigned the highest priority among all the selected 
20 regions of interest. Based on the category and priority assigned to each 
region of interest, ROI coefficient scaling is performed for each region of 
interest as is done in Figs 3A-3F. 

In Figs. 5A-5C, ROI coefficient scaling from the middle of encoding 
is illustrated. While the embodiment of ROI coefficient scaling method 
25 illustrated in Figs. 3A-3F, 4A and 4B either scales up the values of the 
quantization indices, scales up bit significance level of the every bit field of 
the quantization indices, or reassigns encoding ordering of every bit field of 
the quantization indices, the embodiment of the ROI scaling method 
disclosed in Figs. 5A-5C either scales up part of the value of the 
30 quantization index for a region of interest (the value consisting of some of 
the bit fields in the quantization index), scales up the bit significance level 
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of some of the bit fields in the quantization indices, or reassigns encoding 
ordering of some of the bit field of the quantization indices. In other words, 
while the ROI coefficient scaling method of Figs. 3A-3F, 4A and 4B uses all 
the bit fields in the quantization indices of the transform coefficients for a 
region of interest in order to emphasize the region of interest, the ROI 
coefficient scaling method of Figs. 5A-5C uses some of the bit fields in the 
quantization indices for a region of interest in order to emphasize the 
region of interest. Other than the aspect at which bit significance level or 
at which encoding stage the ROI coefficient scaling is used, the ROI 
coefficient scaling to be disclosed hereafter uses the same method as the 
ROI coefficient scaling in Figs. 3A-3F, 4A and 4B. 

In the ROI coefficient scaling method in Figs. 5A-5C, some of the b,t 
fields of all the quantization indices for the transform coefficients are not 
scaled up These bit fields can be some of the top bit fields, some of the 
bottom bit fields, or some of the middle bit fields. In this case, the encoded 
bit stream generated from the bit fields where ROI coefficient scaling ,s not 
used can be decoded with a decoding method which does not deal wrth 
region of interest. When the some of the top bit fields in each subband are 
encoded without using the ROI scaling, selection of the region of interest 
and se.ection of its priority can be specified by the receiving side rf the 
encoded bit stream is transmitted to the receiving side during the encod.ng 
process and the encoder receives a feedback signal from the receiver: a 
user at a receiving side specify the region of interest and a priority on a 
partially reconstructed image from an incoming encoded bit stream from 
the encoder and feedback the coordinate information and prionty of the 
region of interest to the encoder; then, encoder start RO. scaling in the 
middle of the encoding process. To explain the subject matter of F.gs. 5A- 
5C let us use the same terminology as used in disclosing the ROI 
coefficient scaling in Figs. 3A-3F. Transform coefficients in one subband 
(subbandlk]): Y© where j (0<= j < J) represents a coordinate of the 
transform coefficients in the subbandlk]; quantization index of the Y(,): Z®; 
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allocated bits per coefficient at step 102 are represented as N. The bit 
fields of the binary representation of the quantization index ZO) are b N _.,G). 
b^O),.., and b 0 (j). (bfcfl) where 0<=k<N-1 is either 0 or 1; the left bit shift 
scaling value is represented by S; the number of bit significance levels 
5 where ROI coefficient scaling is not used is represented by P. In a situation 
where the top P bit planes are to be encoded without using ROI coefficient 
scaling, binary representation of the Z(j) is described as the following: 

ZO) = 2 N1 x bN-10) + 2 N " 2 x b N . 2 G) + + 2 1 x b,G) + 2° x b 0 (j). 

ZG) is represented by a combination of Z1 Q) and Z2G): Z1 G) «s a portion of 
1 0 the ZG) which is as it is; Z2G) is a portion which is to be scaled up. 
ZG) = Z1G) + Z2G) or denoted as ZG) = { Z1G), Z2G) }, 
where 

Z1G) = 2™ x b N . n G) + 2 N " 2 x b N . 2 G) + + 2 N P x b N . P G). 

Z2G) = 2^ x b N ^G) + 2 N P 2 x iw«0) + + 2 ° x b °0>- 

15 Suppose the transform coefficients identified as corresponding to 

the region of interest in step 105 are YG) where j=js. js+1, .... and je, and 
the corresponding quantization indices to be scaled up in the step 107 are 
ZG) where j=js, .... and je, 

Z2(), scalable portion of the quantization indices of ZGs),..., ZQe), are 
20 scaled up to be Z2sGs),..., Z2sGe): 

Z2sGs) =2 S x Z2Gs) = 2 N+S - P1 x b^fls) + 2^ p ' 2 x b N . P . 2 Gs) + + 2 s x 

b 0 Gs), 

Z2sGs+1)=2 s x Z2GS+1) =2 N+S - P1 x b^Gs+D + 2 N+S P " 2 x b N . P . 2 Gs+1) + + 

2 s xb 0 Gs+1). 

25 

Z2sGe) = 2 s x Z2Ge) = 2^ x b^fle) + 2 N+S P " 2 x b N . P . 2 Ge) + + 2 x 

b 0 Ge). 

With the ROI coefficient scaling from the middle of encoding, 

ZGs),..., and ZOe) are converted from ZGs)={Z1Gs), Z2Gs)} and 

30 ZGe)={Z1Gs), Z2Ge)} to ZsGs)={Z1 Gs),Z2sGs)} , and ZsQe)={Z1 Ge), 

Z2sGe)}. In the ROI coefficient scaling method shown in Figs. 5A-5C, Z2G) 
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instead of ZO) is scaled up with the same scaling method as in Figs. 3A-3F, 
4A and 4B. 

The maximum left bit shift scaling value, S max , is determined by the 
bit per coefficient assigned to the subband, N, and by the number of bit 
5 fields in each quantization index which are to be encoded without using 
ROI coefficient scaling, P. In this case, the left bit shift value, S. is in the 
following range: 0<=S<=S max (S max = N-P. 0: no priority to the region of 
interest). 

If the maximum left bit shift, S max = N-P, is chosen, bottom N-P bit 
10 fields of the quantization indices corresponding to the region of interest are 
separated from the bottom N-P bit fields of the quantization indices which 
correspond to the regions outside of the region of interest in the same 
subband. Thus, the bottom N-P bit fields for the region of interest and for 
the regions outside of the region of interest are to be separately encoded. 
15 If the left bit shift value is less than the maximum value and larger 

than 0, S bit fields of the quantization indices for the region of interest at 
the (P + 1) st highest significance level through the (P+S)* highest brt 
significance levels are separate from any bit fields for the regions outside 
of the region of interest (the 1 st highest significance level: MSB, the N» 
20 highest significance level: LSB in this example). The rest of the N-P-S bit 
fields of Quantization indices corresponding to the region of interest are 
to be encoded together with the N-P-S bit fields for the regions outside of 
the region of interest at each bit significance level. The rest of the S brt 
fields S bottom bit fields in the quantization indices for the regions outs.de 
25 of the region of interest are separated from any bit fields for the region of 
interest. 

In Figs. 6A-6C illustrate a ROI coefficient scaling method where 
multiple regions of interest are emphasized from different stages of 
encoding with different priority. This technology is equivalent to repeatedly 
30 applying the ROI coefficient scaling method from the middle of the 
encoding discussed in Figs. 5A-5C in order to emphasize another reg.on of 
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interest in the middle of the encoding process where some of the 
quantization indices are already scaled up from the beginning or at some 
stage of the encoding process by the methods illustrated in Figs. 3A-3F, 
4A-4F, or 5A-5C. This method makes it possible to add different regions of 
5 interest or expand the region of the already selected region of interest in 
the middle of the encoding process, or reconstruct the selected region of 
interest part by part from different stages of the encoding process by 
dividing the region into several parts and assigning different priorities to 
each part. Also in this case, selection of another region of interest and 
10 selection of its priority can be done by the receiving side if the encoding 
process and decoding process at the receiving side are done interactively. 

In Figs. 7A-7D, entropy coding step 108 of the quantization indices 
through ROI coefficient scaling step 107 is illustrated when a bit plane 
based coder is used. A characteristic of the present invention is to modify 
15 a set of the quantization indices which is an input to a bit plane coder at 
each bit significance level or modifying an encoding ordering of the bit 
fields in each quantization index by using the result of the ROI coefficient 
scaling in step 107. The result of the ROI coefficient scaling defines each 
bit plane to be encoded with a bit plane coder and encoding ordering of 
20 each bit plane. Determining encoding ordering based on the bit 
significance level of each bit plane is the simplest approach. Determining 
separate encoding ordering for each bit plane corresponding to each 
category of coefficients is another approach. For example, encoding 
ordering for the bit planes consisting of the coefficients corresponding to 
25 the region of interest can be determined separately from the encoding 
ordering for the bit planes consisting of the coefficients corresponding to 
the regions outside the region of interest. If separate encoding ordering is 
used for each category of coefficients, encoding ordering across each 
category can be arbitrarily selected and encoding ordering for the entire 
30 image can be more flexibly specified. When bit plane coder which 
encodes each bit plane without using any encoding result or information of 
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the other bit planes, encoding ordering of each bit plane can be arbitrary. 
The bit plane coder used in this embodiment can be any binary entropy 
coder such as a binary arithmetic coder. Bit plane coding can be 
performed on each bit plane defined in each subband or on each bit plane 
defined in each group of subbands, possibly on each bit plane defined in 
all the subbands. 

Figs. 7A-7D illustrate a case where bit plane coding is performed in 
each subband where ROI coefficient scaling is used on every bit field as 
shown in Figs. 3A-3F, 4A and 4B. ROI coding starts from the beginning of 
the encoding. In the entropy coding in Figs. 7A-7D, each bit field of the 
quantization indices for the transform coefficients which has the same b.t 
significance level determined by the ROI coefficient scaling in step 107 ,s 
grouped together and forms a bit plane. Alternatively, each bit field which 
is assigned the same encoding or information ordering in step 107 is 
i grouped into the same bit plane. When the bit per coefficient (i.e. 
representation accuracy of the indices) is N and the priority to the selected 
region or regions of interest is S (0<=S<=N), the number of the bit planes 
becomes N + S. S bit planes consisting of the bit fields at the S highest bit 
significance levels are related to the coefficients for the region of interest. 
The next N-S bit planes consisting of the bit fields in the next N-S bit 
significance levels are related to the coefficients for the entire image. The 
last S bit planes consisting of the bit elements in the lowest S bit 
significance levels are related to the coefficients for the regions outside of 
the region of interest. Each bit plane is encoded by the bit plane coder bit 
plane by bit plane. Bit planes in the higher significance level are encoded 
at the earlier stages of the encoding process than the bit planes in the 
lower significance levels. An encoded bit stream of each bit plane is 
appended to an encoding tag which is used to identify which bit 
significance level the generated portion of the encoded bit stream 
represents. Together with the priority, i.e., left bit shift value to the selected 
region of interest, the tag shows whether the bit portion represents only the 
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region of interest, the entire image, or the regions outside of the region of 
interest. When the priority to the region of interest is the maximum, N, 
each bit portion generated from each bit plane consists either of the region 
of interest or the regions outside of the region of interest. When the priority 
5 is the maximum, bit planes for the region of interest and those for the rest 
of the region are independently encoded. Also, encoding ordering and the 
ordering of the bit portions of the encoded bit stream between the region of 
interest and the rest of the regions can be arbitrary. 

By counting the number of the bits spent in the encoding of each bit 
10 plane and by terminating the encoding process when the bit budgets for 
the region of interest, the regions outside of the region of interest, or both 
is exceeded, the number of the bits allocated to the region of interest and 
to the regions outside of the region of interest is more precisely controlled. 
If the priority to the region of interest is the maximum, the number of 
allocated bits for the region of interest and for the rest of the region can be 
controlled independently. 

When encoding a bit plane consisting only of the bit fields 
corresponding to the region of interest or a bit plane consisting only of the 
bit fields corresponding to the regions outside of the region of interest, bit 
fields in each bit plane are either ordered into a one dimensional signal to 
be entropy encoded by using context modeling for a one dimensional 
signal or kept as they are as a two dimensional signal to be encoded by 
using context modeling for a two dimensional signal. When each bit field is 
to be encoded as two dimensional signal, bit fields on the coordinates out 
25 of the region of interest or bit fields on the coordinates within the region of 
interest do no exist in some bit planes in some bit significance levels. In 
order not to increase the encoded bit rate, these coordinates are skipped 
to be encoded in the encoding process. Alternatively, in order to reduce 
computational complexity of skipping such coordinates, these coordinates 
30 are not skipped encoding but encoded as if they had bit fields whose 
values are 0. These 0 values are discarded during the decoding process. 
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Instead of 0, 1 can be used as the assumed value. 

Priority to the region of interest can be modified during the entropy 
coding step. One example is to reduce the priority to the region of interest 
during the entropy encoding step: if number of bits or bit rate spent for the 
5 region of interest reaches a pre-determined value, priority value is reduced 
in order not to emphasize the region of interest for the rest of the encoding 
process. Alternatively, if the estimated MSE or peak signal-to noise ratio 
(PSNR) value of the region of interest in the wavelet domain reaches a 
predetermined value, priority value can be reduced. If the priority is 
10 controlled according to feedback from the decoding side, not only the 
estimated MSE or PSNR, but also the MSE or PSNR calculated on the 
partially reconstructed image can be used. Priority control of the region of 
interest, based upon the bit-rate, MSE, or PSNR, or any other 
measurement associated with compression performance (e.g. brt-rate 
1 5 versus MSE) of the region of interest, makes it possible for the encoding or 
decoding system to determine the most appropriate ROI coding strategy. 
Furthermore, the user at the encoding or the decoding side may decide on 
the strategy. The ROI coding strategy determines when and how much the 
ROI coefficient scaling is performed, how much of the bit rate is allocated 
20 for the region of interest and for the rest of the image to be encoded with 
entropy encoder, when the encoding process of the region of interest is 
terminated, and any other information used for encoding or decoding the 

region of interest. 

In Figs. 8A-8C, the case where bit plane coding is performed in 
25 each subband where ROI coefficient scaling is used only on the bit fields at 
some bottom bit significance levels as shown in Figs. 5A-5C and 6A-6C 
(ROI coding starts from the middle of the encoding) is disclosed. In a 
situation where the bits per coefficient assigned to a subband (i.e. 
representation accuracy of the indices) is N. ROI coefficient scaling is used 
30 after the top P bit planes of the quantization indices, and the priority to the 
selected region or regions of interest is S (0<S<=N-P). the number of the 
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bit planes in the subband is P + N-P+S = N+S. The top P bit planes 
consist of the top P bit elements in each quantization index. Therefore, the 
top P bit planes represent the entire image. From the bottom N-P bit fields 
in each quantization index, N-P+S bit planes are formed by the same 
5 method as in Figs. 6A-6C (grouping the bit elements in the same bit 
significance level after scaled up in step 107): top S bit planes among N- 
P+S bit planes represent the selected region or regions of interest, next N- 
P-S bit planes represent the entire image, and the last S bit planes 
represent the regions outside of the region of interest. P bit planes where 
10 ROl coefficient scaling is not used do not have to be the top P bit planes in 
each subband. They can be bottom P bit planes or middle P bit planes. 
When they are bottom P bit planes, ROl coefficient scaling as in Figs 3A- 
7F and entropy coding as in Figs. 7A-7D are performed on the top N - P bit 
planes in each quantization index. 
15 As in Figs. 7A-7D, an encoded bit stream for each bit plane or an 

encoded bit portion of each bit plane is appended to a tag and 
concatenated to form an encoded bit stream of the subband. Also, by 
counting the number of bits spent in each bit plane, or by counting the 
number of bits spent in the top P bit planes representing the entire image, 
20 the next top S bit planes representing the region of interest, the next N-P-S 
bit planes representing the entire image and the rest of the S bit planes 
representing the regions out of the region of interest, the number of the bits 
which will be spent for the region of interest and the rest of the regions can 
be more precisely controlled. 
25 The bit significance level at which the ROl coefficient occurs can be 

specified during the entropy encoding process by the bit-rate, estimated 
MSE or PSNR in the wavelet domain as well as the priority to the region of 
interest. If the bit-rate spent for encoding some of the bit planes without 
using the ROl coefficient scaling technique reaches a certain value, the 
30 scaling technique starts to be used with higher priority from the bit plane to 
be encoded immediately after the bit plane currently under encoding. If the 
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bit rate spent for encoding the bit planes representing the region of interest 
reaches another certain value, priority to the region of interest is reduced in 
order not to emphasize the region of interest for the rest of the encoding 
process. Instead of the bit rate, the MSE value estimated in the wavelet 
domain for the entire image or for the region of interest can be used to 
determine from which bit plane ROI coefficient scaling is used and from 
which bit plane priority to the region of interest is reduced. 

At bit allocation step 102, bits per coefficient assigned to each 
subband are determined in order to reduce the distortion of the entire 
reconstructed image as much as possible at a given bit rate for the entire 
image Bits per coefficient or bit rate for each coefficient in each subband 
is determined in such a way that the subband which has higher variance or 
higher energy of the transform coefficients will be allocated the larger 
number of bits per coefficient. The bit allocation result given to 
quantization step 103 can either be a number of bits per coefficient in each 
subband, quantization step size, or a parameter to choose a quant,zat,on 
scheme at step 103. When bits per coefficient, a quantization step s,ze or 
a quantization scheme is predetermined in each subband, for example, 
when lossless coding is realized, bit allocation is not performed. 

At region selector step 104, a region or regions of interest are 
selected by the user on the image displayed on a display. The displayed 
image is either a full spatial resolution image to be encoded or one of the 
lower resolution versions of the image. If the region selection occurs on a 
,ower resolution version of the image, coordinates of a correspond.ng 
region or regions of interest in the full resolution image to be encoded are 
calculated to be used for identifying the transform coefficients 
corresponding to the region of interest in the full resolution image. The 
region selection can also be performed by a method wherein an automata 
target recognition system defines a region or regions of interest based on a 
set of criteria. The automatic target recognition system may utihze a 
variety of approaches to identify the region of interest. For example, 
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pattern recognition software may be used to identify objects of interest in 
the image. 

At ROI coordinate description step 106, coordinates to describe 
each region of interest are encoded to be efficiently transmitted or stored 
5 as overhead information of the encoded bit stream of the image. When the 
selected region of interest is of rectangular shape, two coordinates at both 
edges of a diagonal line of the rectangle will describe the region. When 
the selected region of interest is of a circular shape, the center coordinate 
of the circle and the length of the radius will describe the region. When the 
10 selected region or regions are a union of several rectangles or circles, 
each of the rectangles or circles are described in the method discussed 
above. If the selected region of interest is of arbitrary shape, the 
boundaries of the region are encoded by any shape encoding method such 
as a chain coding method or an object coding method. 
15 At transmitter step 109, portions of the encoded bit stream 

generated at entropy coding step 1 08 can be ordered into any order. If the 
encoded data is to be transmitted to a display environment at which a 
lower resolution version of the image is most frequently reconstructed, 
portions of the encoded bit stream associated with the spatial resolution 
20 are ordered in the earlier portions of the whole encoded bit stream than the 
portions of the encoded bit stream associated with the higher spatial 
resolutions. This ordering of the portions of the bit stream re-orders the bit 
portions if the encoding ordering with which the bit portions are generated 
at the entropy coding step and transmission ordering of the bit portions are 
25 different. 

At ROI coefficient identification step 105, transform coefficients 
corresponding to the region of interest selected in the image domain are 
identified either through tracing the inverse wavelet transform from the 
image domain to the transform domain or tracing the inverse wavelet 
30 transform means to identify from which transform coefficients each pixel 
value is reconstructed through filtering and up sampling performed on the 
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transform coefficients. In this identification process, filter coefficients do 
not play any role. Instead, filter length or filter support area plays a role. 
The larger the filter support, the larger the number of transform coefficients 
that will correspond to a pixel in the image. This identification process is 
5 done through each level of an inverse wavelet transform. Also, this 
identification is performed along each dimension (vertical direction or 
horizontal direction) of the image or the subbands. Alternatively, the 
identification can be performed by tracing the forward wavelet transform 
from the image domain to the transform domain through each level of 
1 o wavelet transform comprising filtering and down sampling. 

Let us denote the image as X(M where 0<= k 0 <K, a 1st level 
decomposed lowpass subband as L,<kL,) and a highpass subband H^kH,) 
where 0 <= kU kH, < K/2, a 2nd level decomposed lowpass subband as 

L 2 (kL 2 ) and a highpass subband as H 2 (kH 2 ) where 0<= kL 2 , kH 2 <K/2 2 , 

15 Nth level decomposed lowpass subband as L N (kL N ) and a highpass 
subband as H N (kH N ) where 0<= kL N , kH N <K/2». Therefore, a wavelet 
transform, maUet type wavelet decomposition or dyadic wavelet 
decomposition is: X is reconstructed from L, and H, through 1 level inverse 
wavelet transform; L, is reconstructed from L 2 and H 2 ; Thus, X .s 
20 reconstructed from H,. H 2 , .... H N , L N ; L„ L 2 , ... and are subbands by 
way of which each level of wavelet transforms and inverse wavelet 

transforms are performed. 

When ^RdCo.Rs <= k„_R <= k^Re) is a pixel in the selected 
region of interest (k^R: pixel coordinate in the region of interest. ko_Rs 
25 and k^Re: coordinates for the pixels on the boundaries of the reg.on of 
interest; k 0 _R can be a single pixel in the region of interest (i.e., ko_R - 
ko_Rs = ka_Re); in the following explanation, the image and region of 
interest are assumed to be a one dimensional signal, thus, k^Rs is the 
smallest coordinate and kO_Re is the largest coordinate in the region of 
30 interest), transform coefficients corresponding to X( ko _R) are identified .n 
the L,() and H,() such that 
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- ROI coefficients in L^): kL,_Rs <= kL, <= kL^Re, 

- ROI coefficients in H^): kH^Rs <= kH n <= kH,_Re. 

Then, by assuming that the 1st level decomposed low pass signal, 
L^kL,), is an image and kL^Rs <= kL, <= kL n _Re are the region of 
5 interest, transform coefficients corresponding to L 1 (kL 1 ) where kL,_Rs <= 
kL, <= kL^Re are identified in the L 2 () and H 2 (). 

- ROI coefficients in L 2 (): kL^Rs <= kL 2 <= kL^Re, 

- ROI coefficients in H 2 (): kH^Rs <= kH 2 <= kH^Re. 

This process is repeated until the subbands L N and H N to complete 
1 0 the ROI coefficient identification for the pixel k^R in the image X(). 

As shown in the above, ROI coefficient identification can be 
performed separately for each pixel in the selected region of interest. 
Thus, the ROI coefficient identification is independent of the shape of the 
region of interest. However, this identification process does not have to be 
15 performed for every pixel in the region of interest. Instead, this 
identification process is performed only on the pixels on the boundaries of 
the region of interest and on the pixels which are located one pixel inside 
the boundaries of the region of interest as shown in the Fig. 9. Since the 
number of the transform coefficients corresponding to each pixel may 
20 change based on the location of the pixel because of up sampling 
(inserting 0 between each coefficient before performing filtering in every 
1st level inverse wavelet transform) or down sampling (every other 
coefficient is discarded after filtering is performed in every 1st level wavelet 
transform), transform coefficients corresponding to the pixels on the 
25 boundaries may not be on the boundaries of the corresponding region 
consisting of the ROI coefficients in each subband. Instead, transform 
coefficients corresponding to the pixels which are located one pixel inside 
the boundaries of the region of interest may be on the boundaries of the 
corresponding region in each subband. Pixels on the boundaries and the 
30 pixels one pixel inside the boundaries are necessary and sufficient to 
identify the transform coefficients which form boundaries of the 
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corresponding region in each subband. Alternatively, if both low-pass filter 
and high-pass filter have even numbered filter length, only the pixels on the 
boundaries are used to identify the coefficients which form the boundaries 
of the corresponding region in each subband. 
5 Based on the identified results for the boundaries and one pixel 

inside the boundaries, the rest of the transform coefficients are identified 
by choosing every coefficient within the boundaries of the corresponding 

region in each subband. 

Suppose X(ko) (ko_Rs =< ko -< ko_Re) are pixels in the selected 

10 region of interest ( k(X _Rs and k^Re: coordinates for pixels on the 
boundaries of the region of interest; . i.e.. the smallest coordinate in the 
region of interest; ka _Re: coordinate for a pixel on the other boundaries of 
the region of interest; in the following explanation, the image and region of 
interest are assumed to be a one dimensional signal, thus. k^Rs is the 

15 smallest coordinate and k^Re is the largest coordinate in the region of 
interest). 

Left boundaries of the corresponding region are identified as the 
following: transform coefficients corresponding to X(ko_Rs) are identified in 
the M) and H,() such that 
20 - ROI coefficients in L,(): ksL^Rs <= kL, <= ksL n _Re. 

- ROI coefficients in H,(): ksH,_Rs <= kH, <= ksH^Re. 

Also, transform coefficients corresponding to X(ko_Rs-1) are identified such 

that 

- ROI coefficients in !_,(): ksL^R's <= kL, <= ksL^R'e, 
25 - ROI coefficients in H^): ksH^R's <= kH, <= ksH^R'e. 

The smaller one of the ksL^Rs and ksL^Rs is on the left boundaries of 
the corresponding region in L(). and the smaller one of the ksH^Rs and 
ksH^R's is on the left boundaries of the corresponding region in H(). 

Right boundaries of the corresponding region are identified as the 
30 following: transform coefficients corresponding to X(ko_Re) are identified in 
the L,0 and H,() such that 
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- ROI coefficients in L^): keL^Rs <= kL n <- keL,_Re, 

- ROI coefficients in H^): keH,_Rs <= kH, <= keH n _Re. 

Also, transform coefficients corresponding to X(k 0L _Re-1) are identified such 

that 

5 - ROI coefficients in L.,0: keL^R's <= kL, <= keL^R'e, 

- ROI coefficients in H^): keH^R's <= kH n <= keH^R'e. 

The larger one of the keL^Re and keL^R'e 's on the right boundaries of 
the corresponding region in L(), and the larger one of the keH^Re and 
keH^R'e is on the right boundaries of the corresponding region in H(). 
10 Alternatively, ROI coefficient identification is performed on each 

pixel in the region of interest. A set of transform coefficients corresponding 
to each pixel in the region of interest is identified by tracing either a set of 
wavelet transforms which are performed on the pixel or a set of inverse 
wavelet transforms which reconstruct the pixel value. The identified set of 
15 coefficients in each subband corresponding to each pixel in the region of 
interest are categorized into a sub-category which belongs to the category 
of coefficients corresponding to the region of interest so that the 
identification result can be used to scale up and down or reconstruct the 
whole region of interest as well as to scale up and down or reconstruct an 
20 arbitrary part of the region of interest. Some identified coefficients belong 
to plural sub-categories because of the overlap of the low pass filter or high 
pass filter used in the wavelet or inverse wavelet transform. Based on the 
number of pixels to which each identified coefficient corresponds, each 
sub-category can be divided into sub-sub-categories. Ultimately, each 
25 identified coefficient can have an attribute depicting which pixels and how 
many pixels within the region of interest the coefficient corresponds to. 
The attribute can also depict how many pixels outside of the region of 
interest the coefficient corresponds to in addition to pixels within the region 
of interest. 

30 As shown in Figs. 10A-10B, a wavelet transform is accomplished by 

a low pass filter whose filter coefficients are g A (k) and a high pass filter 
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whose filter coefficients are f A (k) and down a sampler which discards every 
other pixel or transform coefficient. A one level wavelet decomposition for 
one dimensional signal is to decompose a signal X into a low pass 
subband L and a high pass subband H. The low pass subband L is 
5 obtained by applying low pass filtering to the signal X and down sampling 
the low pass filtered signal. The high pass subband H is obtained by 
applying high pass filtering to the signal X and down sampling the high 

pass filtered signal. 

If the signal is a two dimensional signal such as an image, one level 
10 decomposition is to perform the one level decomposition for a one 
dimensional signal on X in either horizontal or vertical direction in order to 
obtain L and H. Then the same decomposition for a one dimensional 
signal is performed on the L and H in another direction in order to obta.n 
LL1 and LH1, and HL1 and HH1, respectively. If the same decomposfon 
15 is performed on LL1, LL2, LH2, HL2, HH2 are obtained and X is 
decomposed into LL2, LH2, HL2, HH2, LH1, HL1 and HH1. 

A subband decomposition where all the decomposition is done by 
performing a one level decomposition only on the LL subband is called a 
mallet wavelet decomposition, or just a wavelet decomposition. Subband 
20 decomposition where a one level decomposition is repeated equally on 
each subband is called spacl wavelet decomposition. Subband 
decomposition where a one level decomposition is repeated arbitrarily on 
each subband is called wavelet packet decomposition. 

An inverse wavelet transform is accomplished by an up sampler 
25 which inserts 0 between each pixel or coefficient and a low pass filter 
whose filter coefficients are g s (k) and a high pass filter whose filter 
coefficients are f s (k). A one level wavelet composition for a one 
dimensional signal is to compose L and H into X. In this one level 
composition, L is up-sampled by 2 and low pass filtered, H is up-sampled 
30 by 2 and low pass filtered and then both of the up-sampled and filtered L 
and H are added to compose X. This one level composition is performed 
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on every decomposed subband to perform any level and any type of 
inverse wavelet transform. 

In Fig. 2, a method of decompressing an image which is encoded 
with an emphasis on the selected region of interest in Fig. 1 is illustrated. 
5 In Fig. 2, the decoding method 200 comprises a receiver step 201 for 
receiving an encoded bit stream consisting of header bits and data bits. 
Step 201 is followed by region coordinate decoding step 202 and entropy 
decoding step 204. At step 202, encoded data of the region coordinates 
are decoded in order to obtain the coordinates of the region of interest 
10 (ROI) which is to be reconstructed with an emphasis in the reconstructed 
image. The decoded ROI coordinates are given to ROI coefficient 
identification step 203 where wavelet transform coefficients corresponding 
to the region of interest are identified. The ROI coefficient identification 
result is used at entropy decoding step 204 and ROI coefficients de-scaling 
15 step 205. 

At entropy decoding step 204, entropy decoding is performed on the 
incoming bit stream with the data bits which are received at receiver step 
201. The decoded bits are obtained for each bit field of the binary 
representation of the quantization indices of each transform coefficient. 
20 Within each quantization index, the bit field of the higher bit significance 
level is decoded earlier than the bit field of the lower bit significance level. 
In other words, entropy decoding is performed to obtain each bit field within 
a quantization index in a decreasing order of bit significance. In order to 
know which quantization indices are scaled up as the coefficients 
25 corresponding to the region of interest, and also how much they are scaled 
up, the entropy decoding process refers the ROI coefficient identification 
result at step 203 and takes out the priority value assigned to the region of 
interest from the header bits received at receiver step 201. The entropy 
decoder used in step 204 is either bit plane decoding technique or SPIHT 
30 decoding technique: if entropy encoding is done with a bit plane coding 
technique, decoding has to be done with a corresponding bit plane 
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decoding technique; if entropy encoding is done with a SPIHT coding 
technique, decoding has to be done with a SPIHT decoding technique. 
Entropy decoded bits are organized as the bit field values of the binary 
representation of the quantization indices and are given to ROI coefficient 
de-scaling step 205 as the quantization indices. 

At step 205, the quantization indices corresponding to the region of 
interest are scaled down in order to perform de-quantization on the 
quantization indices at step 206. Since the quantization indices scaled up 
in the encoding process are to be scaled down by the same amount of bit 
shift value as the value used in the encoding process, no information is lost 
due to the scaling down. Which quantization indices are to be scaled down 
is given by the ROI coefficient identification result at step 203. and how 
many bit shifts the indices are scaled down is taken out from the header 

bits received at step 201 . 

At de-quantization step 206, de-quantization is performed on the 
quantization indices in order to obtain de-quantized transform coefficients 
in each subband. The de-quantization scheme is specified by the 
quantization step size, bits per coefficient, or quantization table, either of 
which is taken out from the header bits. 

At inverse wavelet transform step 207. an inverse wavelet transform 
is performed on the de-quantized transform coefficients in each subband in 
order to obtain a reconstructed image. The number of wavelet 
decomposition levels and the type of wavelet decomposition are provided 
by the header bits taken out from the encoded bit stream at step 201 . The 
number and the type have to be the same ones as used in the encoder. 

At region coordinate decoding step 202, encoded data regarding the 
coordinates of the region of interest formed at ROI coordinate description 
step 106 in encoding method 100 is decoded and ROI coordinates are 
obtained. The step is performed by performing the step 106 ROI 
coordinate description in a reverse order. In other words, step 202 is to 
perform step 106 in such a way that the output of step 106 is to be the 
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input to step 202 and the input to step 106 is to be the output of step 202. 
In case multiple regions of interest are emphasized in the encoded bit 
stream, step 202 decodes coordinates for each region of interest. 

At ROI coefficient identification step 203, the same process as step 
5 105 in the encoding method 100 is performed. The reason why the same 
process is repeated at the decoding side is that the information specifying 
the selected region of interest within the encoded bit stream can be 
transmitted or saved more efficiently in the form of a description in the 
image domain, which is provided as the input to step 202, than in the form 
10 of a description in the wavelet domain which is obtained through step 203. 
In case multiple regions of interest exist in the encoded bit stream, ROI 
coefficients corresponding to each region of interest are identified and 
categorized in each category. 

At entropy decoding step 204, the encoded bit stream generated at 
15 the step 108 entropy encoding in the encoding method 100 is decoded. 
When a bit plane encoder is used at step 108, a corresponding bit plane 
decoder is used in step 204. Step 204 is to perform entropy decoding in 
the reverse order of step 108 entropy coding in encoding method 100. 
This decoder can deal with multiple regions of interest starting from 
20 different stages of encoding with different priority, ROI coding starting from 
the beginning of the encoding, and ROI coding starting from the middle of 
encoding. 

At step 204, the encoded data bit stream is separated into a set of 
bit streams for each subband by seeking an encoding tag for each 

25 subband. Then, each bit stream for each subband is separated into a set 
of bit streams for each bit plane by seeking an encoding tag for each bit 
plane. Each bit stream for each bit plane is entropy decoded by a bit plane 
decoder. The bit plane decoding is done in the order of decreasing bit 
significance level. The number of bit planes in each subband is given by a 

30 summation of the bits per coefficient for each subband and the priority (left 
bit shift value) assigned to the region of interest. To which bit field each 



10 



WO 99/49412 PCT/US98/19065 

35 

decoded bit is assigned is determined by the ROI coefficient identification 
result obtained at step 203 together with the number of bit planes and 
priority to the region of interest. 

The bit rate for each subband can be controlled at step 204. The 
simplest way is to truncate the bit stream for each subband at a desired bit 
rate or at a desired number of bits. Thanks to the priority control to the 
region of interest and specifying the starting stage of emphasizing the 
region of interest at the encoding side, bit allocation for the region of 
interest and for the rest of the image at a given bit rate can be roughly 
controlled together with the truncation of the stream for each subband. 
However, if the bit rate for the stream of a set of bit planes representing the 
region of interest is controlled with a one rate controller (1), the bit rate for 
the stream of a set of bit planes representing both the region of interest 
and the rest of the image is controlled with a one rate controller (2), and 
1 5 the bit rate for the stream of a set of bit planes representing the regions out 
of the region of interest is controlled with another rate controller (3), the bit 
rate allocated to the region of interest and the rest of the image is more 
precisely controlled at a given bit rate for the entire image. If the priority to 
the region of interest is the maximum, all the bit planes represent either the 
region of interest or the rest of the image. Thus, providing the rate 
controller for (1) and (3) makes it possible to control the bit rate for the 
region of interest and also the rate for the rest of the image by bit accuracy. 

At the ROI coefficient de-scaling step 205, the values of the 
quantization indices corresponding to the region of interest or the bit 
25 significance levels of the quantization indices corresponding to the region 

of interest are scaled down. 

The details of this step are exactly the same as the details of ROI 
coefficient scaling step 107 in the encoding method 100 except that the 
input to step 107 is the output of step 205, output of step 107 is the input to 
30 step 205, scaled up in step 107 corresponds to scaled down in step 205. 
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Also, the encoding ordering in step 107 corresponds to the decoding 

ordering in step 205. 

At de-quantization step 206, the de-quantization scheme which 
restores the transform coefficients quantized by the quantization scheme 
5 utilized in step 103 in encoding method 100 is used. If the quantization is 
done by a scalar quantization at the encoder, the de-quantization has to be 
done with a scalar de-quantization. If the quantization is done with a trellis 
coded quantization, the de-quantization has to be done with a trellis coded 
de-quantization. Representation levels of the de-quantizer can be mid- 
10 points of the decision levels in the quantizer or can be centroids of the 
decision levels which are calculated by assuming the distribution of the 
quantization index values for each subband. Even if quantization is not 
performed at the encoder, de-quantization is performed at the decoder 
except when an integer wavelet transform is used and both encoding and 
15 decoding is done losslessly. When encoding is done losslessly and 
decoding is done with some loss, quantization is not done in the encoding 
process but de-quantization is done in the decoding process. 

At inverse wavelet transform step 207, an inverse wavelet transform 
which reconstructs the image decomposed by the wavelet transform 
20 utilized in step 101 in the encoding method 100 is used. 

In Fig. 1 1, a method for compressing an image with an emphasis on 
a selected region of interest in an image by allocating more bits to the 
region of interest than to the regions out of the region of interest is 
illustrated. The major difference between this encoding method and the 
25 method in Fig. 1 is that the ROI coefficient scaling is performed before 
quantization is performed on the transform coefficients in this method. The 
steps different from those in Fig. 1 are the step for ROI coefficient scaling 
and the step for entropy coding. The rest of the steps are the same. 

In Fig. 11, encoding method 1100 comprises wavelet transform step 
30 1101 for performing a wavelet transform on the pixel values of the input 
digital image in order to represent the input image by a set of subbands 
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consisting of the transform coefficients. Step 1011 is followed by bit 
allocation step 1102 and ROI coefficient scaling step 1003. At step 1102, 
the bits per coefficient (i.e., representation accuracy of the coefficient) 
assigned to the transform coefficients in each subband are determined. 
5 Equivalents, quantization step size for each subband may be determined. 
In case the allocated bits per coefficient or the quantization step size for 
each subband is predetermined, step 1102 is not performed. The 
allocated bits per coefficient is used at quantization step 1107. An 
alternative to performing the bit allocation in step 1102 based on the 
10 transform coefficients provided by step 1101 is to perform the bit allocation 
based on the transform coefficients scaled up through step 1 103. 

Before, after or together with steps 1101 and 1102, region of 
interest selection step 1104, ROI coefficient identification step 1105, and 
ROI coordinate description step 1106 are performed. At step 1104, a 
1 5 region of interest is selected on the input image and the coordinates of the 
selected region of interest are input to steps 1105 and 1106. At step 1105, 
wavelet transform coefficients corresponding to the selected region of 
interest, i.e., ROI coefficients, in each subband are identified in order to 
emphasize the selected region of interest in the image by emphasizing the 
20 ROI coefficients in each subband containing the wavelet transform 
coefficients. The identification result of the ROI coefficients (i.e., categories 
of the coefficients), which depicts whether the transform coefficients 
correspond to each region of interest or regions outside of the region of 
interest, is input to step 1103. At ROI coordinate description step 1106, 
25 coordinates of the selected region of interest are encoded in order to 
effectively transmit or store the ROI coordinate information. 

At ROI coefficient scaling step 1103, the transform coefficients 
provided from step 1103, only the transform coefficients corresponding to 
the region of interest, are emphasized by multiplying the coefficient values 
30 with a scaling value which is assigned to the selected region of interest. 
According to the scaling, the transform coefficients corresponding to the 
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region of interest are to be quantized with a larger number of bits at 
quantization step 1107 and be represented more precisely than other 
transform coefficients. When a left bit shift value is used as a scaling 
value, the corresponding transform coefficients are emphasized by a left bit 
5 shift of the coefficient values. The identification result of ROI coefficients 
formed at the step 1105 is used to select which coefficients are to be 
scaled up. All the transform coefficients including the ones scaled up in 
step 1103 are given to quantization step 1107 to be quantized. The 
following steps are independent of which coefficients are scaled up. If a 
10 uniform quantizer is used and the scaling value to the region of interest is 
the quantization step size or the step size multiplied by integer value, ROI 
coefficient scaling can be done after the quantization step. In this situation, 
encoding method 1 100 is the same as the one in Fig. 1 . 

At step 1 107, quantization is performed on the transform coefficients 
15 in each subband in order to represent the transform coefficients of each 
subband with quantization indices whose representation accuracy is 
specified by the allocated bit per coefficient or by the quantization step size 
for each subband. Through step 1107, quantization indices representing 
transform coefficients with a reduced or the same representation accuracy 
20 of the transform coefficient values are obtained. The obtained quantization 
indices are given to step 1108 entropy coding. 

At entropy coding step 1108, an entropy coding is performed on 
each bit element of the binary representation of the quantization indices in 
order to form an encoded data stream within which encoded bits generated 
25 from bit fields at a higher bit significance level of the quantization indices 
are placed in the earlier portion of the bit stream than other encoded bits 
generated from bit fields at a lower bit significance level. The encoding 
ordering of each bit field of transform coefficients in each subband is up to 
the encoding technique. The preferred encoding technique in step 1108 is 
30 either a bit plane coding such as binary arithmetic coding technique or a 
zero tree coding such as the SPIHT coding technique. 
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At transmitter step 1109, header bits such as size of the image, 
number of wavelet decomposition level, bit per coefficient or quantization 
step size for each subband, ROI description information, and priority or left 
bit shift value assigned to the region of interest are appended to the data 
5 bits formed by the entropy coder. The appended data is transmitted or 
stored as an encoding bit stream. 

When multiple regions of interest are to be emphasized, multiple 
regions of interest are identified at step 1104, ROI coefficients 
corresponding to each region of interest are identified and categorized into 
10 different categories at step 1105, coordinates for each region of interest or 
for all the regions of interest are encoded at step 1106. Steps1104, 1105, 
and 1106 for multiple regions of interest are the same as steps 104, 105, 
and 106 of the encoding method 100 (Fig. 1) for multiple regions of 
interest. At step 1103, the values of the transform coefficients in each 
15 category can be scaled up by their own scaling value (multiplied by a 
scaling value assigned to each region of interest). As a result, each region 
of interest can be encoded with a different emphasis and the image quality 
of each region of interest can be separately controlled. 

In Fig. 12 a method of decompressing an image which is encoded 
20 by the encoding method in Fig. 1 1 with an emphasis on a selected region 
of interest is illustrated. An important difference between the decoding 
method in Fig. 12 and the decoding method in Fig. 2 is that the de- 
quantization is performed before the ROI coefficient de-scaling .s 
performed in Fig. 12 while the de-quantization is performed after the ROI 
25 coefficient de-scaling in Fig. 2. The steps different from those in Fig.2 are a 
step for entropy decoding and a step for ROI coefficient de-scaling. The 

rest of the steps are the same. 

In Fig. 12, the decoding method 1200 comprises a receiver step 
1201 for receiving an encoded bit stream consisting of header bits and 
30 data bits. Step 1201 is followed by region coordinate decoding step 1202 
and entropy decoding step 1204. At step 1202, encoded data of the region 
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coordinates is decoded in order to obtain the coordinates of the region of 
interest (ROI) which is to be reconstructed with an emphasis in the 
reconstructed image. The decoded ROI coordinates are given to ROI 
coefficient identification step 1203 where wavelet transform coefficients 
corresponding to the region of interest are identified. The ROI coefficient 
identification result is used at ROI coefficients de-scaling step 1206. 

At entropy decoding step 1204, entropy decoding is performed on 
the incoming bit stream with the data bits which are received at receiver 
step 1201. The decoded bits are obtained for each bit field of the binary 
representation of the quantization indices of each transform coefficient. 
Within each quantization index, the bit field of the higher bit significance 
level is decoded earlier than the bit field of the lower bit significance level. 
An entropy decoder used in step 1204 is either a bit plane decoding 
technique or SPIHT decoding technique: if entropy encoding is done with a 
bit plane coding technique, decoding has to be done with a corresponding 
bit plane decoding technique; if entropy encoding is done with a SPIHT 
coding technique, decoding has to be done with a SPIHT decoding 
technique. Entropy decoded bits are organized as the bit field values of 
the binary representation of the quantization indices and are given to de- 
quantization step 1205. 

At de-quantization step 1205, de-quantization is performed on the 
quantization indices in order to obtain de-quantized values of the transform 
coefficients in each subband. The de-quantization scheme is specified by 
the quantization step size, bits per coefficient, or quantization table, either 
of which is taken out from the header bits. 

At step 1206, the values of the transform coefficients corresponding 
to a region of interest which is to be emphasized on the reconstructed 
image are scaled down. Scaling down is performed by dividing the values 
of the corresponding transform coefficients by a scaling value which is 
taken out from the header bits received at receiver step 1201. When the 
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scaling value is specified by a left bit shift value, the scaling down is done 
by performing a right bit shift on the coefficient values by the scaling value. 

At inverse wavelet transform step 1207, an inverse wavelet 
transform is performed on the transform coefficients in each subband in 
5 order to obtain a reconstructed image. The number of wavelet 
decomposition levels and the type of wavelet decomposition are provided 
by the header bits taken out from the encoded bit stream at step 1201. 
The number and the type have to be the same ones as used in the 
encoder. 

10 When multiple regions of interest are to be emphasized, based on 

header bits received from receiver step 1201, ROI coefficients 
corresponding to each region of interest are identified at the step 1203. 
Based on the ROI coefficient identification result and a priority or scaling 
value assigned to each region of interest provided by header bits, 
15 transform coefficients corresponding to each region of interest are scaled 
down according to a priority to each region of interest. 

Fig. 13 illustrates region of interest coding where encoding and 
decoding are done on a block by block basis. In this encoding and 
decoding scheme, an image is divided into a set of blocks (i.e., small parts 
20 of the image) whose shapes are rectangle, square, line, or combinations of 
some or all of the rectangle, square and line, and each block is treated as 
a separate input to the encoder or a separate output for the decoder. Each 
block which is outside the region of interest is encoded by an encoding 
method as in Fig. 1 or Fig. 11. without using ROI functionality, (without 
25 identifying ROI coefficients, without performing scaling up). An encoding 
tag which identifies a block as outside of the region of interest is added to 
the encoded bit stream for a block which is outside the region of interest. 
Each block which is inside the region of interest is also encoded without 
using ROI functionality, or alternatively the blocks inside the region of 
30 interest can be encoded by using ROI functionality such as ROI coefficient 
scaling. An encoding tag which identifies a block as inside the region of 
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interest is added to the encoded bit stream for a block which is inside the 
region of interest. Each block which overlaps the boundaries of the region 
of interest is encoded by an encoding method in Fig. 1 or Fig. 1 1 with ROl 
functionality. An encoding tag which identifies the region of interest 
5 boundaries is added to the encoded bit stream for a block which overlaps 
the boundaries of the region of interest. A bit rate for each block is 
allocated in such a way that the blocks within the region of interest are 
allocated the highest bit rate, the blocks overlapping the region of interest 
are allocated the next highest bit rate, and the blocks outside the region of 
10 interest are allocated the lowest bit rate. Alternatively, for the purpose of 
reducing the computational complexity at the encoding side and the 
decoding side, blocks which overlap the boundaries of the region of 
interest are regarded either as blocks which are inside the region of 
interest or the blocks which are outside the region of interest according to 
15 the number of pixels within the region of interest, percentage of pixels 
within the region of interest, or any other criteria. 

Each bit stream for each block can be aligned into an encoded bit 
stream for the entire image in the order that each block is encoded, or the 
bit streams for the blocks which are inside the region of interest can be 
20 aligned first, the bit streams for the blocks which overlap the boundaries of 
the region of interest can be aligned second, and the bit streams for the 
blocks which are outside the region of interest can be aligned last. In the 
latter case, the encoding tag for each block has to have location 
information specifying a location within the image. 
25 Based on an encoding tag assigned to bit portions for each block, 

decoding is done by a decoding method in Fig. 2 ("if the encoding method 
in Fig. 1 is used), or by a decoding method in Fig. 12 (if encoding method 
in Fig. 11 is used). For bit portions preceded by a tag showing a block 
within or outside the region of interest, decoding is performed without using 
30 ROl functionality. If the encoding of the blocks within the region of interest 
is done by using ROl functionality such as ROl coefficient scaling, 
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decoding of the blocks within the region of interest needs to be done with 
ROI functionality. For bit portions preceded by a tag showing a block 
which overlaps the region of interest, decoding is performed with ROI 
functionality. 

5 By default, blocks within the region of interest are allocated the 

highest bit rate, blocks overlapping the region of interest are allocated the 
second highest bit rate, and blocks outside the region of interest are 
allocated the lowest bit rate at a given bit rate. However, the bit rate for 
each block can be controlled independently. If the decoding side wants to 

10 reconstruct regions which are not specified as the region of interest with 
higher fidelity, the blocks within the newly defined region are assigned a 
higher bit rate. 

When subband classification is used in the encoder as in Fig. 1 or in 
Fig. 11, each subband is classified into several sequences containing 
15 transform coefficients. Instead of performing ROI coefficient scaling in 
each subband, ROI coefficient scaling is performed on the quantization 
indices or on the transform coefficients in each sequence. Entropy coding 
is also performed on the scaled up result of each sequence. The encoding 
method can be the one in Fig. 1 , or the one in Fig. 1 1 if each sequence is 
20 assumed to be each subband in the encoding method of Figs. 1 or 11. 
Sequence based technique works with encoding method of Figs 1 and 11 
with every kinds of ROI coefficient scaling technique by treating each 
sequence as if it were each subband after each sequence is generated 
from subbands. 

25 When the encoded bit stream of the image is generated by en 

encoding method which uses a subband classification technique, entropy 
decoding and ROI coefficient de-scaling are done in order to obtain each 
sequence containing coefficients. Then several sequences originating 
from the same subband are de-classified into each subband so that the 

30 inverse wavelet transform can be performed. If each bit portion for each 
sequence is assumed to be a bit portion for each subband, the decoding is 
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done with a decoding method according to Figs. 2 or 12. As well as the 
encoding method, decoding method described in Figs. 2 or 12 works with 
subband classification technique by treating each sequence as if it were 
each subband in every step until the sequences are formed to subbands in 
5 order to perform inverse wavelet transform. 

When entropy coding is done on each block of coefficients in each 
subband or in each sequence in an encoding method as in Figs 1 or 11, 
ROI coefficient scaling method according to the Figs 3A - 6C and entropy 
coding method according to the Figs 7A - 8C are performed on each block 
10 of coefficients. To perform entropy coding on each block of coefficients, 
each subband or each sequence of coefficients is divided into blocks of 
coefficients. Each subband or sequence can be divided into blocks of the 
same shape or different shapes. The blocks can be of rectangular shape, 
square shape or line, or combinations of some or all of the rectangle, 
15 square, and line. In order to reduce the computational complexity for 
handling each block, all the subbands can have equal number of blocks of 
the same shape or alternatively equal size of blocks of the same shape. 
Each block is encoded separately. Blocks which are not corresponding to 
the region of interest are encoded without using the ROI coefficient scaling 
20 method. Encoding tag which shows the block is out of the region of interest 
is appended to the encoded bit stream of the block. Blocks which are 
corresponding to the region of interest are encoded by using the ROI 
coefficient scaling method. Encoding tag which shows the block is 
corresponding to the region of interest is added to the encoded bit stream 
25 of the block. The encoding tag may show that the all the coefficients in the 
block are corresponding to the region of interest or some of the coefficients 
in the block are corresponding to the region of interest. When all the 
coefficients in the block are corresponding to the region of interest, the 
encoding may be done without using the ROI coefficient scaling method. 
30 Alternatively, the blocks which have coefficients corresponding to 

the region of interest and coefficients corresponding to the regions out of 
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the region of interest can be classified either as the blocks whose 
coefficients are belonging solely to the region of interest or the blocks 
whose coefficients are belonging solely to the regions out of the region of 
interest. The classification is based on the number of coefficients 
corresponding to the region of interest, the ratio of the number of 
coefficients corresponding to the region of interest versus the number of 
the coefficients in each block, or any other criteria. Encoding for ail the 
blocks is done without using the ROl coefficient scaling method. Instead, 
encoding tag which differentiates the encoded bit stream of each block 
either as a stream for the region of interest or a stream for the regions 
outside the region of interest is added to the encoded bit stream of each 
block so that the decoder can specify which bit portion is corresponding to 
the region of interest. 

When the entropy encoding is done on each block of coefficients 
within each subband or sequence, entropy decoding and ROl coefficient 
de-scaling method, which corresponds to the entropy encoding method 
and ROl coefficient scaling method used in the encoding side, as used in 
Figs 2 or 12, is done on each block. In this decoding situation, region of 
interest which is not specified at the encoding side or region of interest 
specified solely by the decoding side can be reconstructed with higher 
fidelity than the rest of the image or can be selectively reconstructed. 
Based on the newly specified region of interest, transform coefficients 
corresponding to the region of interest are specified according to the 
method in Figs 9. Blocks of coefficients which contain coefficients 
corresponding to the newly defined region of interest are reconstructed 
with higher bit rate than the other blocks in the subbands. Blocks of 
coefficients which contain only the coefficients corresponding to the region 
of interest will be allocated the highest bit rate. Blocks of coefficients which 
contain coefficients corresponding to the region of interest and those 
corresponding to the regions outside the region of interest will be allocated 
the same bit rate, the lower bit rate, or the lowest bit rate. Blocks of 
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coefficients which does not contain coefficients corresponding to the region 
of interest will be allocated the lowest bit rate. If 0 bit is allocated to a block, 
the block is not used to reconstruct the image. 

Bit allocation to each block can be more accurately performed 

5 based on the number of coefficients corresponding to the region of interest 
in each block. The larger the number of coefficients corresponding to the 
region of interest in a block, the block will be allocated the larger number of 
bit rate to reconstruct the image. The bit allocation can be done according 
to any criteria which reflects the degree of importance of each coefficient in 

10 reconstructing the region of interest or the entire image. For example, the 
degree of importance of each coefficient can be defined based on whether 
the coefficient is corresponding to the region of interest or not, how many 
pixels in the region of interest is represented by the coefficient, how may 
percentage of the pixels represented by the coefficient belongs to the 

15 region of interest. All or some of these criteria is used together with the 
number of coefficients corresponding to the region of interest within each 
block to determine the number of rate of bits to be allocated to the block of 
coefficients. 

Instead of allocating bit or bit-rate by using the criteria for each 
20 block, encoding or decoding ordering of the block of coefficients can be 
determined in such a way that the block which is to be allocated higher bit 
rate is given an earlier encoding or decoding ordering. Any other ordering 
can be defined based upon the criteria for each block. 

Fig. 14 is a flow chart of another method of encoding data in 
25 accordance with the present invention. The method begins with providing 
step 130 providing digital data corresponding to an image. A region of 
interest in the image is then selected by a user in step 132. However, the 
present invention also includes a method wherein an automatic target 
recognition system defines a region of interest based on a set of criteria. 
30 The automatic target recognition system may utilize a variety of 
approaches to identify the region of interest. For example, pattern 
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recognition software may be used to identify objects of interest in the 
image. After a region of interest has been selected in the image, a wavelet 
transform is then performed on the digital image data to obtain a set of 
subbands containing coefficients 134. As discussed above, a number of 
different types of wavelet transforms, such as mallet type transforms, spacl 
type transforms, packet type transforms, etc., may be used to obtain the 
coefficients. The coefficients corresponding to the selected region of 
interest are identified 136. The coefficients are then ordered so that at 
least one category of coefficients corresponds to digital image data 
representing the region of interest 138. The coefficients are then entropy 
encoded according to the category into which they were ordered 140. By 
ordering the coefficients into categories corresponding to the region of 
interest, it becomes possible to separately process and compress the 
different regions of the image. This is extremely valuable in situations 
where a large portion of the image consists of a relatively featureless 
background. 

There are several different approaches to determining the degree to 
which the region of interest will be compressed. One such approach is to 
let a user select the degree of compression. Another approach, shown in 
Fig. 15. is to determine at step 142 a total number of bits to be used to 
encode the digital data representing the image. Priorities are determined 
at step 144 for different regions of the image. Bits from the total number of 
bits are then allocated at steps 146 and 148 for encoding the various 
regions of the image according to the priority of the region such that high 
priority regions can be more accurately reconstructed than low priority 
regions. Typically, transmitting devices have a set bit rate at which they 
transmit a bit stream. In accordance with the invention, a portion of the bit 
stream to be transmitted is allocated at step 150 for transmitting the high 
priority regions of the image. For example, if the bit stream is transmitted 
at a rate of 1000 bits per second, 800 bits per second may be allocated to 
transmitting the encoded data representing the high priority regions of the 
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image and 200 bits per second may be allocated to transmitting the 
encoded data representing the low priority regions. Once a portion of the 
bit stream has been allocated at step 150 for transmitting the high priority 
encoded data, the bit stream is transmitted at step 152 to a remote 
5 location. Once all of the encoded data corresponding to the high priority 
regions of the image has been transmitted, the entire bit stream is 
allocated at step 154 to transmitting encoded data representing the lower 
priority regions of the image. 

Fig. 16 shows a block diagram of an embodiment of an encoding 
10 device of the present invention. Image data 600 is provided to a wavelet 
transformer 602. The wavelet transformer 602 performs a wavelet 
transform of the image data 600 to obtain subbands containing 
coefficients. A region of interest coefficient identifier 604 receives the 
region of interest coordinates and the subbands containing coefficients 
15 from the wavelet transformer 602 and identifies the coefficients 
corresponding to the region of interest. 

As discussed above, identification of the coefficients obtained from 
the wavelet transform that correspond to the region of interest is 
accomplished by tracing back the inverse wavelet transforms from the 
20 image domain to the wavelet domain. In this manner a set of wavelet 
transform coefficients that are used to reconstruct each pixel can 
separately be identified. Thus, the identification of the region of interest 
coefficients is independent of the shape of the region of interest and the 
region of interest can consist of disconnected regions. A subband 
25 classifier 608 classifies the coefficients and produces a classification map 
610. The classified coefficients are sent to a quantizer 612 and a rate 
allocation device 618. The rate allocation device 618 allocates a 
quantization step size to each class of coefficients and provides this rate to 
the quantizer 612. The rate allocation device 618 also produces a 
30 quantization table which includes information concerning the quantization 
step size allocated to each subband class. The quantizer 612 quantizes 
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the coefficients and provides the quantized coefficients to an entropy 
encoder 614. The entropy encoder 614 encodes the quantized coefficients 
according to received priority information concerning the region of interest 
616 provided to the entropy encoder 614. The output of the entropy 
5 encoder 614 is an encoded bit stream 622. 

Fig. 17 depicts a block diagram of an embodiment of a decoding 
device of the present invention. An encoded bit stream 622 and region of 
interest priority information 616 are received by an entropy decoder 624. 
The entropy decoder 624 produces a quantized output which is provided to 
10 an inverse quantizer 626. The inverse quantizer 626 also receives 
quantization information from a rate de-allocator 628 based on a 
quantization table 620. The inverse quantizer 626 produces coefficients 
that are sent to a subband declassifier 630 . The subband declassifier 630 
declassifies the coefficients according to a received classification map to 
15 produce a set of subbands which are provided to an inverse wavelet-, 
transformer 630. The inverse wavelet transformer 630 performs an inverse 
wavelet transform on the subbands to obtain image data 632 which can be 
used to reconstruct an image. Fig. 18 depicts an embodiment of the 
invention wherein the device includes a transmitting side 800 that encodes 
20 the image and transmits the encoded data to a receiving side 802 which 
displays the image. The transmitting side 800 has an encoder 804 with 
region of interest functionality. Initially, the encoder 804 encodes a low 
resolution, low fidelity or low bit rate version of the image and sends the 
encoded version to a transmitting device 806. The transmitting device 806 
25 transmits the encoded signal to a receiving device 808 located on the 
receiving side 802. The transmission may be accomplished across a wired 
transmission channel or wirelessly. The receiving device 808 on the 
receiving side 802 receives the encoded signal and provides it to a 
decoder 810 with region of interest functionality. The decoder 810 
30 decodes the image and sends it to a display 812 where it is displayed to a 
user. The receiving side 802 has a region of interest selector 814 which 
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allows a user to select a region of interest in the displayed image. The 
receiving side 802 also has a region of interest priority selector 816 which 
allows the user to select the priority with which the region of interest will be 
encoded. For example, the priority may be selected so that the region of 
5 interest will be reconstructed losslessly. Once a region of interest and a 
priority have been selected, the region of interest 814 and priority 816 
selector provide information concerning the selections to the decoder 81 0 
and to a transmitting device 818. The transmitting device feeds back this 
information to a receiving device 820 on the transmitting side 800. The 
10 receiving device 820 receives the information and provides it to the 
encoder 804. The encoder 804 then priority encodes the selected region 
of interest according to the information and then transmits the encoded 
region of interest information back to the receiving side 802 as previously 
discussed. The process can be repeated so that the user can redefine the 
15 region of interest based on an examination of the previous region of 
interest. Thus, the above discussed embodiment allows a user on the 
receiving side to determine the region of interest encoding interactively. 

Yet another application of the present invention involves integrating 
the region of interest concepts discussed above into a digital camera. In 
20 such an application, a region of interest and criteria for encoding the region 
is selected by a user of the digital camera on a view finder or display of the 
camera. The camera then records the information in the region of interest 
according to the criteria. By only recording a selected region of interest 
with a high resolution or fidelity, the amount of storage space required to 
25 store the digital image may be reduced. As the storage space in most 
digital cameras is very limited such an application is very beneficial. 

It is also appreciated that the above discussed encoding methods 
and apparatus can also be adapted to digitally reproduced motion pictures. 
For example, a selected portion of a bit stream being transmitting to allow 
30 for real time reproduction of an image could be dedicated to transmitting a 
region of interest in the resulting motion picture. Furthermore, the 
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dimensions and location of the region of interest could be constantly 
changing as the motion picture progresses. 

The above description of the invention is for illustrative purposes 
only. It should be understood that the selection and reconstruction of a 
5 region of interest according to the present invention can be utilized with 
other types of compression methods, and that the various means which 
are disclosed above have numerous equivalents which would be within the 
scope of knowledge of a person of skill in the art. The metes and bounds 
of the invention are defined in the appended claims. 
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WHAT IS CLAIMED IS: 

1. A method of image compression, said method comprising the 

steps of: 

providing digital image data including data on values and 
5 coordinates for a plurality of pixels; 

selecting a region of interest of an image represented by said digital 

image data; 

sorting and prioritizing said digital image data according to at least 
two priority categories, with digital image data corresponding to the region 
10 of interest having a higher priority than digital image data corresponding to 
areas outside of the region of interest; and 

transmitting said sorted and prioritized digital image data to a 
remote location, with the digital information data corresponding to the 
region of interest being transmitted with higher priority than the areas 
1 5 outside of the region of interest. 

2. A method according to claim 1, wherein said sorting and 
prioritizing of said digital image data further comprises the steps of: 

performing a wavelet transform of all the pixel values in the digital 
image data to obtain transform coefficients; 
20 identifying the transform coefficients corresponding to the region of 

interest; 

emphasizing the transform coefficients corresponding to the region 
of interest by scaling up the transform coefficients corresponding to the 
region of interest; 

25 ordering the transform coefficients including the scaled up transform 

coefficients; and 

entropy encoding the transform coefficients to form a bit stream. 

3. A method of image compression as recited in claim 1 , wherein 
said step of transmitting said sorted and prioritized digital image data to 
30 the remote location includes transmitting the sorted and prioritized digital 
image data corresponding to the region of interest at a higher rate such 
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image data corresponding to the region of interest at a higher rate such 
that the region of interest can be reconstructed at a higher fidelity than 
areas outside of the region of interest, said higher fidelity being provided by 
said sorting and prioritizing of said digital image data corresponding to the 

5 region of interest. 

4. A method for encoding and decoding an image, said method 

comprising the steps of: 

providing digital image data in a computer-readable format, said 
digital image data including data on values and coordinates for a plurality 
10 of pixels; 

sorting said digital image data according to a sorting protocol for the 
entire image, said digital image data being sorted and prioritized according 
to a predetermined prioritization formula; 

transmitting said sorted data to a receiver, and repeating said 
15 sorting and transmitting until a partial reconstructed image appears on a 
display at the receiver; 

selecting a region of interest based upon said partial reconstructed 

image; 

transmitting data from said receiver to a computer transmitting data 
20 identifying the selected region of interest; 

modifying the sorting of the digital image data based upon the 
selected region of interest, wherein digital image data corresponding to the 
region of interest is sorted and prioritized to have a higher priority than 
digital image data corresponding to areas outside of the region of interest; 
25 and 

transmitting said modified sorted and prioritized data to the receiver, 
with said region of interest being transmitted with higher priority than the 
areas outside of the region of interest. 

5. A method for encoding and decoding an image as recited in 
30 claim 4. wherein said step of transmitting said sorted data includes 
transmitting said sorted data onto a network, wherein said receiver is a 
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receiving computer on said network, and wherein said step of selecting the 
region of interest is performed at said receiving computer. 

6. A method of encoding digital data representing an image, the 
method comprising the steps of: 
5 providing digital image data in a computer-readable format, the 

digital image data including data on values and coordinates for at least one 
image; 

selecting at least one region of interest of an image represented by 
the digital image data; 
10 performing a wavelet transform selected from the group consisting 

of a mallet type wavelet transform, a spacl type wavelet transform, and a 
packet type wavelet transform on the digital image data to obtain subbands 
containing transform coefficients; 

identifying transform coefficients corresponding to the at least one 
1 5 selected region of interest; 

specifying a priority to each region of interest; 

classifying the transform coefficients in each subband into at least 
one sequence; 

allocating a bit-rate to each sequence of transform coefficients; 
20 quantizing the transform coefficients in each sequence by a 

quantization scheme selected based upon the allocated rate; 

scaling up bit significance levels of bit planes consisting of the 
quantized transform coefficients corresponding to each region of interest 
based upon the priority specified for each region of interest; 
25 modifying an encoding ordering of the bit planes consisting of 

quantized transform coefficients based upon the scaled up bit significance 
levels of the transform coefficients; and 

entropy encoding the bit planes of the quantized transform 
coefficients according to the modified encoding ordering to generate an 
30 encoded bit stream of digital image data. 
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7. The method of claim 6 further comprising the step of identifying 
the coefficients necessary and sufficient to encode the region of interest to 
be reconstructed up to a highest fidelity in a target spatial resolution image. 

8. The method of claim 6 wherein the step of identifying the 
5 coefficients corresponding to the region of interest further comprises the 

steps of: 

identifying pixels on boundaries of the region of interest; 
identifying pixels one pixel inside the region of interest along one of 
a vertical and horizontal direction of the image if at least one of a low pass 
10 and a high pass filter which perform the wavelet transform and an inverse 
wavelet transform has an odd filter length; 

tracing an input-output relationship of one of the wavelet transform 
and the inverse wavelet transform from an image domain to each subband 
domain to identify the transform coefficients which correspond to the pixels 
15 identified in the previous steps; 

forming boundaries of a corresponding region of interest in each 
subband domain based upon the identified coefficients in the previous 
step; and 

identifying coefficients surrounded by the boundaries in each 
20 subband as coefficients corresponding to the region of interest. 



9. The method of claim 6 wherein the step of identifying the 
coefficients corresponding to the region of interest further comprises the 
steps of. 

25 identifying a set of transform coefficients which correspond to each 

pixel in the region of interest by tracing an input-output relationship of one 
of a set of wavelet transforms performed on the pixel and a set of inverse 
wavelet transforms which reconstruct a pixel value; and 

forming a coefficient identification result such that a set of transform 

30 coefficients corresponding to each pixel can be identified. 
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10. The method of claim 6, wherein the step of entropy encoding 
the bit planes produces encoded information that is in the form of a number 
of bits, and the method further comprises the steps of: 

allocating the number of bits separately for use in representing the 
5 bit planes consisting only of the transform coefficients corresponding to the 
regions of interest in each sequence of transform coefficients, for use in 
representing the bit planes consisting of all the transform coefficients in the 
same sequence, and for use in representing the bit planes consisting of the 
transform coefficients corresponding to the regions outside of the region of 
10 interest in the same sequence such that the number of bits to reconstruct 
the region of interest and the number of bits to reconstruct the regions 
outside of the region of interest will be separately controlled; and 

aligning encoded bit portions of the bit planes such that a certain 
series of bit portions representing the region of interest will be transmitted 
15 at the earlier stage of transmission than bit portions representing regions 
outside of the region of interest. 

1 1 . The method according to claim 6 wherein the step of selecting a 
region of interest further comprises selecting a plurality of regions of 
interest in the image and assigning each region a priority and wherein the 
20 step of classifying the transform coefficients in each subband into at least 
one sequence further comprises the step of classifying the transform 
coefficients such that at least one sequence corresponds to each of the 
plurality of regions of interest. 

12. The method of claim 6 wherein the step of performing a wavelet 
25 transform on a digital image further comprises dividing the image into 
rectangular blocks of pixels such that some blocks only contain pixels 
which are inside the region of interest, some block only contain pixels 
which are outside of the region of interest, and some blocks contain some 
pixels which are inside the region of interest and some pixels which are 
30 outside of the region of interest and performing a wavelet transform on 
each rectangular block of pixels, and the method further comprises the 
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steps of 

defining the region of interest by selecting entire rectangular blocks 
of pixels to be included in the region of interest and by individually 
selecting pixels within rectangular blocks in which there exist boundaries 
5 between the region of interest and regions outside of the region of interest 
to be included in the region of interest; 

scaling up the bit significance level of all the transform coefficients 
corresponding to the rectangular blocks of pixels entirely within the region 
of interest and scaling up the bit significance level of the transform 
10 coefficients corresponding to pixels belonging to the region of interest .n 
blocks that overlap the boundaries of the region of interest based upon the 
priority assigned to the region of interest; 

modifying a predetermined encoding ordering of the bit planes of the 
quantized transform coefficients in the blocks overlapping the boundaries 
15 of the region of interest based upon scaling up the bit significance level of 
the transform coefficients inside the region of interest; 

entropy encoding the bit planes of the quantized transform 
coefficients in the blocks which do not overlap the boundaries of the region 
of interest according to the predetermined encoding ordering, and 
20 encoding the bit plane of the quantized transform coefficients in the blocks 
which overlap the boundaries of the region of interest according to the 
modified encoding ordering; and 

adjusting the ordering of the encoded bit sequences of the bit 
planes of all the blocks such that the ordering of bit sequences of bit 
25 planes in the blocks inside the region of interest are given higher pnonty 
by a priority value assigned to the region of interest and the ordering of the 
bit sequences of the bit planes in the blocks outside of the region of 
interest and in the blocks overlapping the region of interest are the same 
as the encoding ordering of the corresponding blocks in order to generate 
30 the encoded bit stream of digital data. 
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13. The method of claim 6 wherein the step of entropy encoding 
further comprises performing data compression on the coefficients such 
that more information concerning regions outside of the region of interest is 
lost than is information concerning the region of interest. 
5 14. A method of decoding information representing an image, the 

method comprising the steps of: 

receiving the information in a computer-readable format, the 
received information including digital data representing an image and 
digital data concerning at least one region of interest in the image; 
10 locating at least one region of interest in the image to be 

reconstructed from the encoded bit stream according to the information 
concerning the at least one region of interest; 

identifying digital data corresponding to specified regions of interest; 
modifying a decoding ordering of the encoded bit stream based 
1 5 upon a priority assigned to each region of interest; 

entropy decoding the encoded bit stream according to the modified 
decoding ordering in order to obtain bit planes corresponding to quantized 
transform coefficients having a same bit significance level; 

scaling down the bit significance level of the bit planes including 
20 quantized transform coefficients corresponding to each region of interest in 
order to obtain original bit significance levels of the quantized transform 
coefficients, 

de-quantizing the quantized transform coefficients according to a 
de-quantization scheme to obtain sequences of transform coefficients; 
25 declassifying the sequences of transform coefficients into a set of 

subbands; and 

performing an inverse wavelet transform selected from a mallet type 
transform, a spacl type transform, and a packet type transform on the 
subbands in order to reconstruct the digital image data. 
30 15. The method of claim 14, further comprising the steps of: 
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identifying a number of bits separately for use in entropy decoding a 
portion of the encoded bit stream in order to obtain bit planes consisting 
only of transform coefficients corresponding to the region of interest, for 
use in obtaining bit planes consisting of all transform coefficients in the 
5 same sequence, and for use in obtaining the rest of the bit planes 
consisting of transform coefficients outside the region of interest in the 
same sequence such that the number of bits used to reconstruct the region 
of interest and the number of bits to reconstruct the regions outside of the 
region of interest will be separately controlled; and 
10 ^ aligning the portions of received encoded bit stream such that a 
certain series of the bit portions representing the region of interest will be 
decoded at an earlier stage in reconstruction of the region of interest. 

16 The method of claim 14 wherein the step of receiving the 
information further comprises receiving the information such that 
15 information corresponding to the region of interest is received at a h.gher 
rate than information corresponding to regions of the image outside of the 

region of interest is received. 

17 The method according to claim 14 wherein the step of 
identifying digital data corresponding to a region of interest further 

20 comprises the steps of: 

identifying digital data corresponding to a plurality of reg.ons of 

interest in the image represented by the information; 

determining a priority corresponding to each of the plurality of 

regions of interest; and 
25 " reconstructing the image by reconstructing the plurality of regions of 
interest in a manner that is dependent upon each of the reg,on's 

determined priority. 

18 The method of claim 14 wherein the encoded bit stream of the 
digital image data consists of sets of encoded bit planes representing 
30 rectangular blocks of pixels in the image, the method further comprising 
the steps of: 
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modifying a decoding ordering of encoded bit planes for rectangular 
blocks overlapping the boundaries of the region of interest based upon the 
priority value assigned to the region of interest; 

entropy decoding encoded bit planes for the rectangular blocks 
5 which do not overlap boundaries of the region of interest according to one 
decoding ordering, and entropy decoding encoded bit planes for 
rectangular blocks which overlap the boundaries of the region of interest 
according to the modified decoding ordering in order to obtain bit planes 
consisting of a same bit significance level of the quantized transform 
10 coefficients in each sequence; 

scaling down the bit significance level of the bit planes consisting 
only of the quantized transform coefficients corresponding to the region of 
interest within the blocks overlapping the boundaries of the region of 
interest according to the priority value assigned to the region of interest in 
1 5 order to obtain an original bit significance level of the bit planes; and 

performing an inverse wavelet transform on each set of subbands 
containing quantized transform coefficients in order to reconstruct each 
rectangular block in the digital image. 

19. An encoding device for encoding information representing an 

20 image, the device comprising: 

receiving means for receiving information including data on values 

and coordinates for a plurality of pixels; 

selecting means for selecting at least one region of interest in the 
image represented by the information; 
25 wavelet based bit plane coder means for performing a wavelet 

transform selected from the group consisting of a mallet type wavelet 
transform, a spacl type wavelet transform, and a packet type wavelet 
transform on the information to obtain subbands containing coefficients; 

identification means for identifying coefficients corresponding to the 
30 at least one region of interest; 
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ordering means for ordering the coefficients according to a plurality 
of categories wherein at least one category corresponds to coefficients 
representing the region of interest and at least one category corresponds 
to coefficients representing regions outside of the region of interest; 

entropy encoding means for encoding the coefficients according to 
the category into which the coefficients were placed to obtain a number of 
bits representing the encoded coefficients; and 

transmitting means for transmitting the bits in a bit stream to a 
remote location, such that the manner in which the bits are transmitted 
depends upon the category of coefficients to which the bits correspond. 
20 The encoding device of claim 1 9 further comprising: 
bit allocation means for allocating a predetermined number of bits 
for use in representing each category of coefficients wherein the number of 
bits allocated to represent the categories of coefficients corresponding to 
the region of interest of the image is such that the region of interest of the 
image can be reconstructed with a higher fidelity than the regions of the 
image outside of the region of interest; and 

bit stream allocation means for allocating a fixed portion of bits of 
the bit stream transmitted per unit time for transmitting bits corresponding 
to categories of coefficients corresponding to the region of interest. 

21 The encoding device of claim 19 wherein the selecting means 
select a plurality of regions of interest further comprising priority assigning 
means for assigning priorities corresponding to each of the plurality of 
regions of interest and wherein the entropy encoding means further 
comprise priority encoding means for encoding the categories of 
coefficients in a manner that depends upon the priorities assigned to the 
plurality of regions of interest in the image to which the category of 

coefficients corresponds. 

22 The encoding device of claim 19 wherein the ordering means 
further comprise block ordering means for ordering the coefficients 
according to categories such that some categories of coefficients contain 
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information that corresponds to rectangular blocks of pixels in the image 
wherein all the pixels in the corresponding block are either inside the 
region of interest or outside of the region of interest, and some categories 
of coefficients contain information that corresponds to rectangular blocks of 
5 pixels in the image wherein some of the pixels in the corresponding block 
are inside the region of interest and some of the pixels are outside of the 

region of interests. 

23. A decoding device for receiving and decoding information 

representing an image, the device comprising: 
10 receiving means for receiving the information including data on 

values and coordinates for a plurality of pixeis; 

identification means for receiving the information from the receiving 
means and identifying at least two categories of information corresponding 
to regions of the image such that at least one category corresponds to 
15 information representing a region of interest in the image and at least one 
category corresponds to information representing a region in the image 
outside of the region of interest; 

entropy decoding means for entropy decoding the information 
according to the information's category; 
20 reconstructing means for reconstructing the image from the entropy 

decoded information such that the manner in which regions of the image 
are reconstructed depends upon the category of the information 

representing the region. 

24. The decoding device of claim 23, wherein the received 
25 information is in the form of a bit stream and a fixed portion of bits in the bit 
stream received per unit time corresponds to the region of interest, and 
wherein the reconstructing means reconstruct the region of interest more 
quickly than regions of the image outside of the region of interest and with 
a higher fidelity than regions outside of the region of interest. 
30 25. The decoding device of claim 23 wherein the receiving means 

receive the information corresponding to the region of interest before 
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20 



25 



receiving the information corresponding to regions of the image outside of 

the region of interest. 

26. The decoding device of claim 23 wherein the identification 

means further comprise: 

multiple region of interest identification means for Identifying a 
plurality of categories corresponding to a plurality of regions of interest .n 
the image represented by the information; and 

priority determining means for determining a priority corresponding 
to each of the plurality of regions of interest; 

and wherein the reconstructing means reconstruct the plurality of 
regions of interest in a manner that is dependent upon each of the regron's 

P " 0nty 27 The decoding device of claim 23 wherein the identification 
means further comprise rectangular block identification means for 
identifying categories of information containing information that 
corresponds to rectangular blocks of pixels in the image wherern all tte 
pixels in each corresponding block are either inside the region of interest or 
outside of the region of interest and categories of information conta.nrng 
information that corresponds to rectangular blocks of pixels in the .mage 
wherein some of the pixels in each corresponding block are inside the 
region of interest and some of the pixels are outside of the region of 
interests. 

28. A method of encoding digital image data representing an .mage, 
said method comprising the steps of: 

selecting at least one region of interest in an image represented by 

said digital image data; 

performing a wavelet transform on the digital image data to obta.n 

transform coefficients; 

identifying the transform coefficients corresponding to the reg.on of 

30 interest; and 

assigning a priority to the at least one region of interest. 
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29. The method according to claim 28, further comprising the steps 

of: 

emphasizing the transform coefficients corresponding to the region 
of interest by scaling up the transform coefficients corresponding to the 

5 region of interest; 

ordering the transform coefficients including the scaled up transform 

coefficients; 

quantizing the transform coefficients including the scaled up 

transform coefficients; and 
! o entropy encoding the transform coefficients to form a bit stream. 

30. The method according to claim 28, further comprising the steps 

of: 

quantizing the transform coefficients to obtain quantization indices; 
emphasizing quantization indices corresponding to the region of 
15 interest by scaling up the quantization indices corresponding to the region 
of interest; 

ordering the quantization indices including the scaled up 

quantization indices; and 

entropy encoding the quantization indices to form a bit stream. 
20 31 - A digital camera for producing digital image data representing 

an image, the digital camera comprising: 

digital image data producing means for producing digital image data 

representing an image; 

selecting means for selecting a region of interest in the image 

25 represented by the digital image data; 

wavelet transform means for performing a wavelet transform on the 
digital image data to obtain transform coefficients; 

identification means for identifying transform coefficients 
corresponding to the at least one region of interest; 
30 ordering means for ordering the transform coefficients according to 

a plurality of categories wherein at least one category corresponds to 




PCT/US98/19065 
WO 99/49412 

65 

coefficients representing the reg.cn cf interest and at .eas, one category 
corresponds to coefficients representing regions outside of the reg,on of 

interest; A . . 4 . 

encoding means for encoding the transform coefficients so that the 

transform coefficients corresponding to the region of interest are encoded 

in a manner that altows the region of interest in the image to be 

reconstructed more accurately than regions of the image outs,de of the 

region of interest; and 

storage means for storing the encoded transform coeffic.ents. 
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